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PEEFACE. 



Some years ago, being very niucli confined by ill health 
iduring the winter, I occupied much of my time in study- 
g and writing upon the subject of the following treatise, 
liing the matter from whateyer quarter it was pre- 
sntcd, solely for my own improvement and amusement, 
rithout any thought of ever publishing it. Having 
found many pupils slow in understanding the diflerenee 
aetween the physical and eheraical properties, I have 
subsequently read portions of it at the beginning of my 
courses of lectures on chemistry, as I think not without 
benefit to my classes. When afterwards the thought of 
publishing presented itself, private conaideraliona pre- 
vented. More recently, the whole of it has been rewrite 
ten ; and a full index framed, and it is now sent forth in 
search of readers. Should success attend this effort, and 
other engagements permit, it may be followed by treatises 
^^on other, but kindred, branches of scieneea now in the 
^Bpourse of preparation. 



G. M. M. 



:t. 18th, I BBS. 
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INTRODUCTION. 

1. As m the Greek language the same word Motfiioe signifies 
the world, or universe and order, and in the Latin language 
mundua has both meanings ; so, in English, the word Ttature 
always brings to the mind, with greater or less distinctness, 
the idea of beauty, order, or adaptadneas of things to their 
condition. The same is probably true of the corresponding 
■words in every language. 

Nature may be defined the system of the world or the 
liiniverse ; and may be considered as embi-acing two great 
departments, mind and matter. Mind is the part of a being 
which perceives, thinks, wills, and is susceptible of moral 
emotion. Matter or substance is what may be seen or felt, 
or may affect any of our senses. Of the absolute nature of 
either mind or matter we can have no definite idea ; we 
know them only by their properties; these are so different 
as to lead, perhaps universally, to the division of general 
sciences into two great classes corresponding to the two 
objects of contemplation, viz. Metaphyacs, the science of 
mind, and Natural Philosophy, the sdence of matter, 
tbongh to a certain extent independent, are, 
me respects closely allied. 
The earliest exercise of the powers of observation 
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reason must have led man to recognise resemblances anii 
differences among the various objects in nature ; and becom- 
ing aware that by carefully investigating the projierties of 
a few he may obtain a general knowledge of all, sufficient 

■ to secure the possession of what is desirable, and the avoid- 
I ance of what may be hurtful, he must soon have been led 
I to arrange the objects referred to into the three great king- 

■ doras of nature — the animal, the vegetable, and the mineral ; 
and this slight attainment must have produced a thirst for 

lowledge, and led to the invention of various 
methods by which to obtain this object. The classification 
and minute description of these objects constitute N^atural 
History. When examining the forma and qnalities of 
bodies, the mind takes cognizance of motions or changes; 
simple expressions describing them are called General 
Truths or Laws of Nature ; and their assemblage is named 
Science of Philosophy, in contradistinction fi'om Natural 
Histoiy — the term science here meaning exact knowledge. 
' All motions, changes, or phenomena (using these terms as 
synonymous) of the univeree are repetitions or mixtures of 
a few i^imple motions, which science assumes as its basis to 
be in all cases as constant and regular as in producing the 
return of the seasons. Natural History, Science of Philo- 
sophy, and Metapfjj'Mcs embrace the whole sum of the 
knowledge of nature. The properties and relations of all 
mateiial nature fall within the domain of Physical Science 
or Natural Philosophy in the most extended sense of the 
terra ; but they are divided into organic and inorganic ; and 

I the inorganic are subdivided into terrestrial and celestial. 
TJie study of the heavenly bodies, together with cert^n 
terrestrial phenomena, intimately connected with their influ- 
ence, constitutes a distinct science — Astronomy. The re- 
maining departments of Physical Science are, Phyaque or 
Natiii'al Pliilosophy proper. Chemistry, and Science of Life, 
2. Natural Philosophy, in this restricted sense, views 
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1 NTKODUCTION. 1 1 

matter in mnasos, oxpl.iina the phenomena of the material 
world by the propcrtiua of matter, and treats of the agents 
which produce the changes in inorganio matter ; such as 
the unknown causes of attraction, light, heat, electricity, etc. 
Its laws govern every phenomenon of nature In which sen- 
sible change of place occurs, being concerned alone in the 
greater part, and regulating tlie remainder originating froni 
chemical action or from the action of life. Chemistry in ves- 
tigates the peculiar properties of individual bodies, thdr 
reactions, the laws of their combinations, decompositions, 
etc. Iron, sulphur, carbon, and about sixty other bodies, 
mngly obey the laws of physics. Two or more in contact, 
under certain circumstances, exhibit new orders of pheao- 
meua. Iron and sulphur heated together form a yoDow 
mass unlike either ; under other circumstances they separate. 
They are not withdrawn from physical laws: the pheno- 
mena are merely modifications of general attractJoa and 
repuHon. Many chemical are only the beginnings of purely 
mechanical changes, e.g. in the explosion of gunpowder 
the new chemical arrangements of the particles causes a 
change of form and motion. All chemical manipulations 
Bre directed by physics alone. Chemistry is but a super- 
Btructare upon physics. 

In vast multitudes of bodies matter exists in its most 
complicated state, under the influence of life, bemg aiTanged 
into organs capable of pei-forming certain functions essential 
to the continuance of lifi', or otherwise useful to the being. 
Such collections of matter are called " organized bodies." 
They are arranged in two classes, viz. vegetable, which 
are fixed to the soil ; and animal, which have the power of 
locomotion. The science of life investigates growth, sensft- 
tion, self-motion, decay, dt-ath, «fec. It is divided into ani- 
mal and vegetable physiology. The phenomena of wMch 
it treats occurring in structures obedient to the laws of 
ebemistry and physics, it is truly a superstructure npon 
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and cannot be stadied independently of theia. 
The grtftter part of the phenomena of organic life are 
merely cliemiual and pliysiwil phenomena modified by an 
additional prinoli>le. Terms of qoantity are required to 
express most of the facts and laws of physlca, chemistry, 
and life; e.ff. the magnitude of a body, the force of attrac- 
tion between bodies and its relation to their distances : 
hence the necessity of standards. The rnlea fur applying 
these standards and comparing quantities constitnte the 
Science of Quantity, or Mathematics. 

3. In all investigations of the course of nature, two dis- 
tinct steps are taken, the first of which is observation, which 
may regard only the phenomena as presented to us by 
nature in its ordinai'y course or tn extraordinary and dis- 
turbed conditions, which conditiona may be the result of 
our own intention, and is then called experiment. The 
second step is a metaphysical one, and may be either of two 
very different kinds, corresponding to the a priori and 
the a posteriori or inductive methods of reasoning upon 
mental subjects. The former alone would very slightly 
extend our knowledge ; even experiment, unless aided by 
reasoning, whieh is the second step, would be of little avail. 
The mere observer of nature will perceive diflerencHS 
between a stone, a tree, and a horse ; but if he do not 
reason upon the differences, his knowledge will be but an 
assemblage of truths of Utile or no practical use. The che- 
mist may observe that bodies have varioaa forms or colors; 
•he may find them to change their form or color ; but if he 
do not reason upon these data, he will have little knowledge 
of the nature of these bodies, of that of light, or of the 
causes induehig the changes : and however many facts he 
may thus accumulate, his knowledge will never deserve the 
name of sdence ; but w1!l be absolutely useless, even as the 
most precious treasures buried in the sands of a vast desert. 
Of the two strictly mental steps in investigation already 
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[ referred to, the a priori is that in which the mind draws 
particular conclusions from general principles which have 
been assumed, or infers particular effects from known eauscs 
of a more or less general kind. With regard to the other 
step, the a posteriori or inductive, there has been in many 
miDds much misapprehension, arising from the term induo- 
tiou being used in different senses; sometimes as referring 
only to the collection of data, and at other times as denoting 
the process of reasoning trom those data. 

Thus induction has been thought to differ from syllogistic 

reasoning, but incorrectly ; for though in the process of 

induction the thoughts may not be presented in the form 

of syllogisms ; there is no correct induction which is incapa- 

\\Aa of being expressed syllogiatically. The a posteriori or 

Inductive process may therelbre he called the syllogistic; 

*y it we draw general conclusions from particular facts, we 

cide npon general causes from the knowledge of several 

rticular effects: the accuracy of such ooncluaions will 

lepend very much upon the numher, variety, and nature 

"■"of the particulars. Having by induction obtained these 

general oonclasions the mind may, using theni as premises, 

deduoe particular consequences. This deduction is but a 

n of « priori reasoning, and may be used in confirmation 

I of indnctions. Having attained to certain conclusions by 

[ reasoning upon one aeries of phenomena, we sometimes infer 

r conclusions, without distinct argumentation, as to 

jr series of phenomena, some resemblance being sup- 

E^osed to exist between the two scries : we are then said to 

ron from analogy. The accuracy of all such conclnsioos 

rill, of course, depend upon the degree of resemblance or 

Igreement existing between the classes of phenomena. By 

many minds the meanings of the terms law, cause and 

(terms which are frequently used) appear to be 

satly misapprehended ; by law is not meant an arbitrary 

an controling the properties of matter which might M 
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■well in the nature of things be the contrary of wliat they 
are, but an extended generalization ci^prcssing the ordi- 
nary course of occurrences in nature. The tenua cause 
and effect refer to steps in that courae, and are to be used 
somewhat in the sense of antecedent and consequent : for 
two events, of which one appears to be the inevitable result 
of the other and entirely dependent upon it, may both ha 
but consecutive results of quite another antecedent. In 
phywcal matters we are not to look for the absolute certainty 
found in mathematics ; in them we can only say that par- 
ticular effects having been constantly produced under certain 
circumstances, they probably depend on those circum- 
stances, and they will most likely be produced as long as the 
ciroumstancea continue. Such is the correct meaning of 
the expresMon, " laws of nature." 

The celestial and all great terrestrial phenomena are eiud 
to be governed, and the heaUng art, en^necring, etc., to be 
inSueneed by the laws of physics ; which means that the 
foi-mer are entirely, and the latter to some eirtent, in accor- 
dance with the generalizations expressed by the so-called 
physical laws. The phenomena may be simple ; we are then 
said to assign its cause, when we adduce the gcueraliKation 
or law of nature to which it appertains : or it may he com- 
plex, in which case its explanation requires separation into 
its several parts, and the reference of each to its appropri- 
ate generalization. Pure mathematics is not an inductive 
science, but strictly deductive, and admits no method of 
proof hut by deduction. 

4. The terms hypothesis and theory are often used, some- 
times very indefinitely, as expressive of the reliance to be 
placed upon statements of the laws of nature, or of the 
connexion existing between effects and their supposed causes. 
It may not be out of place here to endeavor to assign some 
definite idea to these terms. The mind having by observa- 
tion, induction, deduction, or onoalgical reasoning, acquired 
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Milie knowlerlge of a niunber of phenomena, and attained to 
generalizations expressive of them, may conjecture some- 
thing to hare been the ori^ating cause of the whole eeries 
of facts ; this conjecttire ia an hypothesis. It affords us an 
example, bnt by no means necessarily accurate, of a priori 
reasoning. It has been remarked by Darwin, that to think 
is to theorize. A theory may be defined an expression of 
piental apprehension of probable generalization, A theory, 
f pure, is the result of induction ; but the whole expression 
lay be in part hypothetical ; it must in either case depend 
51011 the observation of phenomena. In the days of 
ivoisier, all acids whose compositions w&ra known con- 
liiied oxygen ; hence he induced the generalization, or 
fonned the theory, that oxygen is the universal acidifying 
principle. The observation that all bodies under favorable 
circumstances approach sach other, has led to the hypothesis 
lat all tnatter js possessed of a power or property called 
paltraction." A large number of facts are called electri- 
; a fluid has been conjectured to exist, possessed of 
ropei-tiea which will readily account for the various pheno- 
a; the explanation of these phenomena on this aupposi- 
Bon is called the electrical theory ; it is a hypothetical 



, " The axioms of philosophy, which have been deduced 
K>m common and constant experience, are so evident and 
b generally known, that it will be sufficient to mention a 
hw of them only. 

1 "I. Nothing has no property; hence 
I " H. No substance, or nothing, can be produced from 
Bthing by any created being. 

"in. Matter cannot naturally be annihilated or reduced 

b nothing ; and although many things appear to be utterly 

pstroyed, as suppose by the action of fire, by evapora- 

1, 3m^ yet in those cases the substances are not annihi- 
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latcd, but they are only dispersed or divided into particles 
BO minute aa to elude our senses. 

" IV. Every effect has, or is produced by, a cause, and ia 
proportionate to il. 

" The rules of reasoiuDg in philosophy, which have been 
formed after mature consideration, and which most serve 
to prevent errors as much as possible, and lead us along the 
shoitest and safest way to the attainment of true and nse- 
fiil knowledge, are as follows : — 

" I. We are to admit no more causes of natural things, 
than such as are both true and sufficient to explain the 
app(!arancea, 

" II. Therefore, to the same n.itural effects we must, aa 
far as possible, assign the same causes. 

" III, Such qualities of bodies as are not capable of in- 
crease or decrease, and which are found to belong to all 
bodies within the reach of our cjcperiments, are to be 
esteemed the universal qualities of all bodies whatsoever. 

" IV, In experimental philosophy, we are to look upon 
propositions collected by general induction from phenomena, 
as accurately or very nearly true, notwithstanding any con- 
trary hypothesis that may be ima^ned, ti!l such time aa 
other phenomena occur, by which they either may be cor- 
rected, or may be shown to be liable to exception." 



SOMATOLOGY. 

6, This name, derived from the Greek words gufia., body, 
and Xoyof, discourse, is defined, the doctrine of bodies or 
material substances, and is applied to that department of 
naturalphilosophy which treats of the nature and constit^ 
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or general properties of bodies in contradistlnctiou to tlio 
peculiar properties of individual bodies, or classes of bodies. 
The visible universe is made up of minnte atoms called 
matter ; whicli term conveya no idea of figure, A separate 
and determined portion of matter is called a body. The 
minatenens of the parts into which bodies may be divided, 
baa led to the question whether matter really exist. In 
reply, it ia usual to refer to weight, the proofs of indestruc- 
tibility, and the occupancy of apace, called impenetrability. 
Of the intimate nature of matter, as has been already inti- 
mated, we know absolutely nothing, being acquainted only 
with its properties. The present etato of knowledge does 
not enable us to determiue whether there be but one kind 
of matter consisting of particles of definite shape, size, 
denuty, hardness, &c., which by various modifications forms 
all bodies in the universe; nor, there being more than one 
kind of matter, to form the slightest conjecture of their 
nnmber. It Is usual, however, to attribute the difference in 
the properties of the various bodies to differences in the 
nature of the atoms of which, they are formed, and to con- 
sider the bodies as constituted by the ^gregation of mole- 
enles which are assemblages of atoms, the atoms not being 
in absolute contact, but separated by an atmosphere of 
caloric. General properties of matter are properties be- 
longing to all known bodies. The following fourteen are 
DOW recognised as general properties of bodies: — 1. Ex- 
tension, 2, Impenetrability. 3. Figure. 4. Divisibility. 
S. Indestructibility, 8. Porosity. 7. Compressibility. 8. 
Dilatability. 9. Mobility. 10. Inertia, 11. Attraction, 
12. Repulsion. 13. Polarity. 14. Elasticity. 

We can form no conception of matter in the absence of 
extension and impenetrability. 




e. F.xtemaaa a Die occnpatioD of a portion of apMM hf » 
bodjr. It is observed in lliree directioRs, vix. — of le^th, 
breadth, and thickness. MagDitDdo, nie, balk aad Tohmie 
are otlier name* tor extension. Space is withoat ; and nuj 
be in the mind inde6iiitely divided. The idea of space it 
not re(^«ived b^ crperienoe, but exists in the Dmid, inde- 
pendunily of, but in its exercise constantly imttcd with, 
czporieuoe, of which It is the begiuDiDg, as all the idea we 
can entcrtun of external bo^ea must be in conneslon with 
tiiat of the existence of space. In like manner it is perhaps 
iinpomible that the idea of space should aiise in the mind 
indepciidoutly of that of matter; bnt having conceived the 
Idea of two dirtiiiel portions of matter, that of the distance 
between thcni will readily follow, and it may be entirely 
distinct from that of any matter occupying that distanoe ; 
we niuy idHO conecive of either or both these portions of 
matter l>cing annihilated or removed, without the portions 
of space being occupied by any other bodies ; in both oases 
we have the single idea of space. The portion of space 
fVom whioli matter is supposed to be or has actually been 
removed, is called "pure space," "void space," or "va- 
cuum ;" examples of it are found in vessels from which all 
air has been entirely removed by an air-pump, they being 
destitute of ponderable matter ; and, although ihey can be 
croHsoil by light, beat, and other imponderables, unless these 
be material, are destitute of all matter. 

It is often deiiirablo to ascertain the magnitude of a body ; 
this is accomplished by comparing it with some other whose 
dimensions are assumed as a standard. Tlie selection of a 
Htandard is arbitrary : in English measures the size of a full 
grown grain of barley, being considered as always the same,ia 
token u the standard ; hence the measure barley-corn. Bob 
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'■the measure cannot be viewed as in variably fixed in t!iis ease, 
nor in any other in which the standard ia not necessarily 
Tindevi'iting in size. The only system of moasarea posaesa- 
ing this unvarying uniformity, is the French system, or such 
as has had its accuracy determined by comparison with it. 
This French system ia founded on the length of a meridian 
of the earth, as ascertained by a series of carefully con- 
ducted measurements ; a forty millionth of the length of 
the meridian is taken as the length of a metre assumed as 
the unit of measurement. This French system, being re- 
rred to in moat scientific works of modern times, should 
II known in comparison with other Bystems, 
I index revolving parallel to the circumference of a 
rew bearing a certain relation to the spaces between the 
arc of the circle traversed by the 
idex may be considered an accurate measure of the space 
through which the point of the screw 
passes, (Fig, 1.) If the threads of 
the screw be one half, one q\iarter, or 
one eighth of an inch apart and the 
circle be divided into one hundred 
equal parts, then on turning the screw 
the point of the index would pai^s 
over one part, while the screw passes 
one two hundredth, one four hun- 
dredth, or one eight hundredth part 
of an inch. Or the intervals between the threads of the 
screw being nmch smaller, or Hunter's Compound Screw 
F (^%- 2 — see note, page 20) being employed and the circle 
■ll^g divided into a larger number of parts, the minutest 
e may be measured, especially with the aid of a micro- 
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7, Impenetrability is that property of matter by wludi a 
body excludes every other body from the part of space 
itself occupiea. As by muscular eSbrt we acquire the idet 
of extcneiun, by it we also obtaiD that of reifistance, vhlch. 
proves the impenetrability of the opposing body. This 
impenetrability is less perceptible in liquids than in solids, 
not because of its being possessed in any less degree by the 
former than by tbe latter, but because the particles of fluids 
have the property of mobility to such an extent aa to In- 
quire a very slight foi'ce to cause them to move upon each 
other ; whereas in solids the particles are retained in contact 



Note. Id this contrivance, wUle 
ytg^ X Uie working point is drlTsn Ibr- 

wuri] b<r ono scivw vnth u Inrga 
tliroad, il is drawn back by an- 
otIiQr with a less thread, and con- 
Beqnendr advances only in pro- 
portion to the dinerence of saa of 
the two threads. A being ■ 
greater thread plajiDg in a fixed 
nat, B a less thread upon a smaller 
cylinder phtjing in a hoUow ftsem 
within the hirge cylinder, and a 
board moved by them. During 
eveiy revoluOon of the screw A 
descends and B asceodB through 
spncea equal to the diBtancea be- 
tween theh- respective threads. If 
A hare twenty threads and B 

1 1 twenty-one in an inch, during one 

revolntion A will descend through 
tbe twentieth, and B Bseand through the twenty-first of an inch, and con- 
sequently B will descend through the ditferenco of the distance, that Is, 
Uirough tiie two hundred and BRieth oTan inch. 



J 



IMP KNETR ABILITT. 

ffith each other irith snch energy as to demand conaidera- 
B force to detach them ; and if fluids be bo confined m to 
interfere with their freedom of motion, they clearly mani' 
; their impenetrability, A drop of water ceasea to pre- 
sent the actual contact of our bands, only by being pushed 
hOut of their way ; otherwise, action and reaction being 
^nal, it must cease to be matter. This existence of an 
nsuperable force of resistance is not self-evident as aup- 
nosed by some, nor is it the result of invariable experience 
'tiB has been otherwise taught ; it can never be the result of 
i>bservation which cannot attain that length ; but il is a 
boroUary to the axiom that action and reaction are equal. 
pnt for thia property, the matter of the universe might be 
eoncentrated to a point of space. 

The following examples illustrate the impenetrabihty of 
Blatter. One solid ball, as of ivory, cannot be pressed into 
he substance of another, and then a second, etc., into it ; 
', a mass of gold cannot bo driven into one of silver. 
ir, escaping fi'om a vessel 
ider water, ascends '* 

Lfough the liquid only 
»y displacing its own bulk 
r water. Miilions of 
snnds cannot push down 
le pifitou of a forcing 
iwmp or of a hydraulic 
unless the water be- 
»w it can escape. K one 
id of a glass tube, open 
I both ends, be immersed 

, water, it will be immediately filled to the level of 
le surrounding water (Fig. 3) ; but if while the bottom 
left open, the top be closed by the thimib, the resist- 
loe of the contained air will prevent the entrance of 
le water. In like manner, the rei^iatance of the coo- 
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tned air prevents water ontoring s divin^bell, 
jar immersed with its moath downwards. Weights laJ 
iq>on bliidders filled witli aJr, or on the piston handle or a 
jdowd lur-pump, arc kopl in position by the repelling force 
r the Mr. It 19 true that some cases of nuxttire wonld 
■ to disprove the irn|>enetrabilily of matter, e.f. 
wMer and alcohol whoii mixed have less bulk than befine; 
bnt this only proves that one of the fluids fills vacuities in 
the other; and posiubly, as ha^ been conjectured, some finer 
fluid may have escaped on mixing the two. A nail driven 
into a mass of wood docs not penetrate the individual 
atoms, but is insinuated into the interstices previoosly 
existing or formed by the forced movement of the atoin& 
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. Figure has been defined the boundary of extension. 
Resistance being ofierod by a body to the entrance of the 
band into its space, the obstruction is found to Iiave limita- 
tions in directions relative to each other; from these limita- 
tions we acquire the idea of figure. Inorganic matters fre- 
quently aaBiinic regular geometrical forma, which are called 
crystals ; though various matters may assume very nearly 
the same form, there being but alight diSerences in the 
■measurements of the angles, in general each species on 
'Crystallizing assumes a peculiar form, though the same 
ipecies may asaurae either of two or three forms, when 
It is ealle'l dimoi-phous or trimorphoos ; the mass may be 
destitute of symmetry, it is then called amorphous. In liquids 
ior gases tho particles move too freely to assume a definite 
shape ; these ol.asscs of bodicri, therefore, lake the form of 
the vessels containing them. Shadows and images, pi-o- 
duced by various optical moans, show that figure is not 
proof of material existence. 
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. Divisibility is tbc capability of being sepavated into 
All bodies are capable of being subdivided till 
irts become invisible by the naked eye ; by a miero- 
i they will then be found susceptible of much further 
subdivision ; after which, in some iiiBtiincea, they may bo 
dissolved, and thus again subdivided to an extent prevent- 
^ipg detection by any optical means. One pound of wool 
^Bjos been spun into yarn 100 miles long. Gold, by being 
^^pammered, is reduced to leaves so thin, that 360,000 muat 
^^Be laid together to produce the thickness of an inch ; if 
" made into a book, 1800 such leaves occupy only the thick- 
nefis of an ordinary leaf of paper. Hence a volume of gold 
an inch thick would contain as many leaves as a library of 
1800 volumes with 400 pages each. On gilded silver wire, 
two ounces of gold are extended over 1,351,900 feet, rather 
more than 768 miles. Platinum has been drawn into wire 
finer than human hair. Every instance of solution affords 
an illustration of the divisibility of matter, and the more 
marked as the solution is diluted, e. g. at 212° F. one grtun 
of lime requires for its solution 1270 grains of water, each 
grain of the liquid of course holds rVyi "^ ^ grain of lime; 
DOW this solution may be indefinitely diluted, and the 
minute quantity of lime ia further divided by every succes- 
sive addition of water. Iodine requires for its solution 
7000 parts of water, and to that quantity it imparts a 

Jjwn color, which is still perceptible after considerable 
uUon, One part of amraoniacal hyposulphite of silver 
'es an intense sweetness to 33,000 parts of water, Car- 
ae and sulphate of copper are both compound sub- 
Btanoes, and one gi'ain of either will tinge every drop of I 

n gallon of water; every grain of the water will then J 
^^K>ld in solution -^^{-^-^ part of a grain of the solid, and J 
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may be diffosed through another gallon, or any lai^r 
qnfmtity of water, and bo proportjonally divided. Starch 
and then a little chlorine beiug added to one pan of 
iodide of potas^um dissolved in 480,000 of wat«r will 
cause the whole to assume a decided bine color. The 
thickncsa of a soap bubble just aboat to burst is but 
isiVinr of i"! inch. 

10, Organized nature presents innumerable examples of 
extreme division of matter. The diameter of the thread 
of the silkworm is but -jj-^s "^ ^^ inch. Two drachms of a 
spider's web drawn out iu a single thread would extend 
400 miles. The microscope detects in the milt of the cod- 
fish, or in water in which certdn vegetables have been in- 
fused, animalcules of which many thousands together do not 
equal in bulk one grain of sand ; each of these have their 
blood and distinct organs ; many of them have indeed 
organs aa complex as those of the elephant or whale. The 
body of an animalcule is composed of the same ultimate 
atoms as that of man. From observations on this class of 
beings it has been calculated that a single pound of matter 
contiuns more living creatures than there are human beings 
on the globe. Illimitable divisibility is also evinced by 
odorous matter. By the sense of smell the presence of 
many matters may be detected in the atmosphere of which 
not the slightest indication can be given by any chemical 
test. Dogs, it is well known, hunt by scent. The carrion 
crow has been thought to smell its food even at the distance 
of twenty miles : but some recent observations render it 
probable that these bii'ds discover their food by eight and 
not by smell. A single grain of musk will fill a large room 
with its odor for twenty years, and be found to have lost 
but little weight. 

The most wonderful efforts of man and the minutest 
olyeota in nature do not approach infinity : it is therefore 
Ible to say that matter is or is not capable of infinite 
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fliTLMon ; yet it is convenient to, and men of science 
generally do, consider the divisibility of matter as having a 
limit in what they caL the ultimate atoms, which are snp- 
poaed to be ip destructible and incapable of change in them- 
selves, though susceptible of impression fi'om other atoms, 
and by union forming masses, 

^m 11. Although matter be in varions ways divided to such 
Ban extent as to elude detection by instruments or chemical 
tests, not an atom is destroyed. "Water by boiling ia con- 
verted into invisible steam, which is ag^n condensed into 
the same quantity of water. Gold may be divided to the 
^L^xtent already mentioned by mechanical means ; it may be 
^H^Beolvcd by a li<[uid or dissipated by heat ; and all be again 
^^Vcovered in the same solid form without the loss of a single 
atom. All the elements in the world can be thus separated 
n thousand limes without being destroyed. Although it is 
imposdble for man to form again the organized products of 
the animal or vegetable kingdom which have been once de- 
composed, yet he can present all their elements either in a 
separate state or in those of different combinations, and 
show that there has not been the slightest loss of material. 
When animals die, their particles pass into new forma of 
matter, reappearing as pai't of other animals or of vege- 
tables. 

This idea (that of the indestructibility of mattei') has been 
entertained from the period of earliest history ; it has been 

«sed in the following language: "the substance of 

1 a body consists is incapable of being diminished in 
.ity, whatever ajiparent changes it ra.iy undergo. Its 
its distribution, its qualities may vary, but the sub- 

: 
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stance itself U identically the same under all these vsrift- 
tioQB :" it is also cxprossed in ihe reply of the philosopher, 
Trbo being asked " what is the weight of smoke ?" aaswored, 
"subtract the weight of the asliea from the weight of the 
■wood which is burnt, and you have that of the smoke." This 
idea is the basis of all eliemical reasoninga and researches. 
The chemist subjecting to 
the action of heat any matter 
in a retort or similar vessel 
does not IniagiDe that he is 
creating or aanihtlatiiig any- 
thing, but only that he is modiljiug the form. 



12. The particles composing eveu the moat solid bodies 
J^tf.B- are not in absolute con- 

tact at all points: the 
intervening spaces are 
called pores. This would 
be a necessary result, 
whether the particles of 
which the body was con- 
stituted were spherical, 
needle-shaped, or tabular. 
In many bodies these 
pores produced by the 
crossings of the consti- 
tuent needles or plates, 
or by the partial contact I 
of the spheres, is apparent 
to the naked eye (Fig. 5) ; in others can be discovered by 
the microscope, and may be detected by some means in 
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I, With the exception of glass, whiiih uppears to be t^ 
Bapervious to all fluids. In common speech the term pore 
k restricted to hiterstices sufficiently large readily to admit 
jasca and liquids. Crystallized sugar, sponge, and some 
stones, receive water into their pores without experienc- 
ing any change of bulk. A piece of wood, of cballt, or of 
sugar, beuig pi-essed to the bottom of a vessel of water, this 
fluid will enter its pores aud expel the air contained in 
thetn. Clay, having been heated to redness, acquires the 
property of contracting ita dimensions upon the application 
of heat, owing, doubtless, to the diminution of its poroaty. 
"Water while freering increases in buUc; very strong vessels 
have been burst, and trees and rocks split by the consolida- 
tion of water contained within them. Its effects have been 
said to surpass those of exploding gunpowder ; it contri- 
butes to the breaking down of mountain summits. That 
metals are porous is proved by the formation of alloys, their 
Epccific gravities being usually different from the mean of 
those of their constituent metals ; by the celebrated expe- 
riment of the Florentine philosophers, who forced water 
through the pores of a golden globe, and by the transln- 
ceucy of gold leaf. Hydrophane affords an example of 
porosity in minerals ; it is opaqne, but being immersed in 
■water it takes into its pores a quantity of the liquid and 
becomes translucent. 

This property is not pecuHar to solids, bnt is possoased 
also by liquids and gases. If equal bulks of water and con- 
centrated sulphuric acid be mixed, the volume of the mix- 
ture will be less than the sum of their separate bulks, A 
contraction of volume also attends the mixing of alcohol 
r with water; at 59° Fahr. dilute alcohol, with the specific 
^■fravity O.S27, contains in 100 volumes 58.94 of anhydrous I 
^^Kobol and 49.84 of water, which have consequently con- J 
^^BCted 3.78 vohinioB. "Water when converted into steam U 
^^Kdcr ordinary circttmytiuiceE has its bulk increased 1004 fl 
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times. If two gases which do not react chemically 'n 
mere contact be introduced into the same vessel, however 
different may bo their specific gravities, and whichever 
may at first occupy the lower position, they will after a 
time be found equally diffused. Vapor diffuses itself I 
through the air. If a quantity of ether be introdaced ' 
into two vessels half-filled, one with air and the other 
with hydrogen gas, the vapor of the ether will imme- 
diately rise and expand both airs, and ultimately to the 
same degree, hut the hydrogen in half the time, Aira 
which are separated by glass with the minutest crack will 
coromingle, the lighter gas passing usually with the greater 
velocity. 

13, Animal and vegetable subst.ancea are remarkably 
porous. Leaves have numerous openings through their 
cuticles, communicating with cavities within their substance, 
These are too minute to be detected by the naked eye. ; 
They are most abundant in the lower part of tlie leaf; ox- 
cejit in leaves as of the iris, both of whose snrfeces are 
equally exposed to the light, and in those which float in the 
water, e.g. the water lily, in which they belong to the upper 
Bur&ce. When examined with a mieroscope, the petals of 
flowers are found abundantly supplied with these air pores. 
Pith is porous ; in newly-formed parts, it being saturated 
with the ascending sap, is juicy. Bark and sap wood, being 
the parts through which the vegetable juices are circulated, 
are highly porous. This structure is very apparent in endo- 
genous stems, in which the pith, wood, etc., are intermingled, 
e.ff. Indian com and rattan. It, however, is not confined to 
such, for the wood of exogenous stems is also highly porous. 
Wood sunk deep into the ocean h.os had its pores so filled 
as to become as heavy as stone. A large quantity of mer- 
cury being poured into a vessel with a wooden bottom, muoh 
of it will flow through the pores of the wood, and fall like rain. 
■ ~~ \ has been iircaerved by putting it into au air-tight 
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Eis mach as possible of the aiv, then forc- 
in a BoUition of silicate of aoda or of silicate of potash, 
,d finally immersing the wood into some acid or saline 
solution, hy which the sllicio acid is rendered insoluble. 
Wood has been saturated with solutions of salts, imbibed 
through the roots or base of the trunk shortly after being 
cut doira, A poplar ninety-two feet high has, in sii days, 
absorbed by the trunk sixty-aiK imperial gallons of a. aolu- 
tjon of pyrolignite of iron. 

Blood is sometimes widely diffused in the cellular tissues 
under the skin, and in other parts of the body, evincing great 
porosity in those textures. Bone being a tissue of celts and 
partitions, must be porous. The cancellated structure is 
very apparent in the interior of bones. In young animals 
bonea are colored by being ffid upon particular articles. 
The sbulls of eggs are sufficiently porous to allow oxygen 
to be imbibed and carbonic acid to be exhaled duiing the 
process of incubation. If the passage of these gases be 
by any means prevented, that process is stopped. The 
" Ltitritions part of the food of man is absorbed through 
ires in the coats of the smaller intestines, on the sur- 
le of which are villi, composed each of blood-vessels 
and absorbents, united by cellular tissue. In some parts 
these villi have been estimated at four thousand to the 
eqoare Inch, Albumen, casein, and fibrin are dissolved in 
the stomach; and they, as well as alcoholic drinks, pasa 
directly through pores in that viscus. Water and carbonio 
add pass from, and oxygen iiito, the blood, through the 
traoparent walls of the pulmonary cells in animals having 
longs, and through the gills of fishes and araphibiin. In 
human skins tliere are sudoriferous pores, whose average 
iber is 2900, and in the pahn of the hand 3528, to the 
[tiare inch, through which the perajriralion and carbonio 
id pass oS. The air changes the character of the blood, 
lOt only through the lungs and gills, but also through the 
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ebin, in both ur and water aninials. A tendon or mem- 
brane which has become dry and hard will absorb water, 
and become soft and elastic. In some of the lower orders 
of animals life may be suspended a long lime with irapanity, 
and be reatorcd by the apflication of water ; thus the roti- 
form animalcules are restored to life and motion by the ap- 
plication of a drop of water. The lower extremities of a 
living trog were immersed for a short time into a solution of 
fcrrocyanido of potassium, and the animal was then killed, 
and the salt was detected in the heart and lungs by tho 
chloride of iron. The experiment was repeated with a frog 
which had been dead a few moments : the salt was detected 
equally in all parts of the body. In the former experiment 
it passed through the pores into the blood-vessels, and was 
canied to the centre of the circulation; in the latter it was 
imbibed through the pores throughout the system. 

Density being the ratio of the quantity of matter to the 
magnitude of the body, the porodly must be inversely to 
the density. 
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14. Compressibility is that property of matter wMoh ena- 
bles it to occupy less space upon the application of mechani- 
cal force. The particles of bodies being at a distance from 
each other, a sufficient force will compress them, i.e. cause 
them to occupy less space. Porous tissues are well known 
to be compressible; e.g. sponge may be reduced to one- 
tenth its bulk, and paper, wood and other tissues which 
have been penetrated by fluids, diminish under pressure and 
yield the fluids. Cork, in a strong glass vessel partly filled 
with water, wilt float ; but if the vessel be forcibly filled 
with water, the cork will be compressed and sink : upon 
the removal of the pressure, the cork will expand and rise. 
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I If a bottle be filled with fresh water, corked, and sunk into 
I the sea to the depth of thirty or forty feet, upon draw- 
ing it up the water within will be found brackiah ; the 
cork must therefore be compresBed so aa,to allow the 
-waters to flow aside it ; if it be sunk two hundred feet in 
the sea, the cork is rendered permanently heavier than 
water. Wood is compressible, as is shown, by the changes 
it imdergoes when nsed as or confined by a wedge. A 
weight placed upon an upright pillar or rod, standing upon a 
sufficiently firm foundation, will shorten it. Stones under 
, great weights are compressed ; of this bases and cohimns 
I sustaining edifices give evidence, Metala are hardened by 
[ percussion, becomiug more compact and forming closer 
Coins and medals receive their impressions mider 
R powerful and suddenly-applied pressure, to which the 
metal yields as wax does to the fingers, not only changing 
its form, but receiving the most delicate marks, and occupy- 
ing decidedly less space than before. 

Liquids resist pressure, so that water was long thought 
to be absolutely incompressible. Water being forced 
through gold does not prove its in compressibility : indeed 
' the experiment of the Florentine academician (§ 12) rather 
proves the contrary, for the water continued to drop for 
some time, although the pressure was not augmented. Se- 
veral liquids in a glass tube, with a bulb blown at one end 
like a thermometer, have been found to expand when freed 
Q'om the atmospheric pressure, and to contract when sub- 
jected to increased pressure. By such experiments, care- 
ftlUy conducted, it has been ascertained that, when the 
barometer stood at 29 and the thermometer at 50, spirit 
of wine suflered a compresaiou equal to 0.000.008 of ita 

I bulk, olive oil 0.000.0-18, rain water 0.000.046, sea water 
0.00O.O40, and mercury 0.000.003. The compressibility of 
"Bquids has been also proved in the following two ways 
iBt. A hollow brass cylinder or cannon, furnished with a 
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stopper 80 adjusted as to indit^te, upon the removal of the 
pressure, liow fhr it had been forced, has been sunk id the 
sea to the depth of 500 fathoms. 2d. Into the neck of a 
iKittle a capillary tube, furnished with a scale graduated 
into fractions of an inch, is firmly fixed, the capacity of the 
tube, as compared to that of the bottle, haviug been csre- 
iidly determined ; both are filled with the liquid to be 
experimented upon, and a bubble of air being entangled in 
the upper part of tlio tube, they are placed in a strong 
1, into the upper part of which is cemented a 
cylinder, in which an air-tight piston is moved 
V, The whole apparatus being filled with the 
fluid to bo examined, the screw is turned, 

and the compression is indicated by the 

\Y movement of the air bubble in the tube. 

15. Gases are far more compressible than 
cither solids or liquids. Caibonic aoid, 
which was for a long time thought to he, 
in an uncombined state, a permanent gas, 
baa, by great pressure, been reduced to a 
liquid. Air is compressible, as may be 
shown by luting a very long funnel-tube 
into a glass jar, so that no air can pase be- 
tween the mouth of the jar and the tuuDeL 
(Fig. 6.) Upon pouring in water it will 
' the jar till the mouth of the funnel 
is surrounded, when no more will pass until 
it has filled the funnel so as to press nith 
considerable force upon the watej below, 
which will then act on the air and cause it 
to occupy less space. Or it may be more 
readily shown by immci-slng into water a 
vessel fullof air with its moulh downwards; 
as the vessel descends the water will rise 
r being compressed by the colunm of ■ 
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aliove the level of the vesael'a orifice, with the resistanc e of 

the w»ler below. (Fig. 7.) If a piston ^^H 

te accurately fitted to a tube with a J^. t. ^^^ 

uniform bore having one end dosed, 

by carefully pressing in the piston the 

lur can be condensed, with very little 
se, into half its bulk; and, with 

greater force, into still leas space, liy 

the following experiment, it may In- 

Bbown that the volume of the air is in- 

■Tersely as the compresang force. Take 

ft long glass tube of uniform bore, closed at one end, and 

beud it at a pait between that end and the middle, so that 

the parts between the bend and the estreiui- 

ties shall be parallel ; place it with the bent 
. part down (Fig. 8), and pour in sufficient 

inercury barely to confine tbe wr in tbe 
i part ; this air is now under the same 
iprossure as tbe circumambient air, which is 
(indicated by the barometer; now pour in 
imore merciui"y, and the confined air will be 

'Compressed, and the mercury will liso within 
■the closed part of the tube. By measuring 
fthe altitude of the column of mercury in 

.tfie open part above the level of that in the 

nlosed part, the relation of the volume of 

^e lur to tbe amount of pressure is readily 

luoertaincd. Thus, if that column be nine 

times as high aa the mercury in the baro- 
meter, the confined air will be pressed upon 

hy its weight in addition to that of the at- 

looepbere — that is, by a weight equal to ten 

Itmospherea — and will occupy one-tenth 
t original bulk, Tliere appears to be no 
nit to the compressibility of gases, except the ohangi 
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form which some of them expcriencG under great 
treasure. 

DILATABIUTT. 
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I 



16. Dilatability is that property of mntter which enables 
L S body to iiici'caae ita space. That bodies are dilated by 
I amply removing pressure is shown with the air-pttnip : a, 
[ of gum elastic, or other »milar material, partially 
vffiled with air and securely tied, being placed under the 
■pump (Fig. 9), upon removing the air 
from the receiver, the bag will be- 
come distended to its utmost capacity. 
If a. glass matrass, filled with water, 
and inverted into a cup filled with 
the samefliiid.besunilarly placed, upon 
removing the air from the receiver, 
bubbles of ^r will bo seen rising 
through the water, increasinginazeafi 
they rise, and col- Fif. ID , 

lecting in the up- 
per part of the 
matrass (Fig. 10) ; aftur all the air is 
separated from the water, its bulk will 
enlarge and force down the water as 
the exhaustion proceeds. As air ia 
pumped from the surface of water, its 
place Is supplied by vapor. This may, 
) manner, be removed and its place 
led, and ho on till the whole has 
ippearod; if ether be used instead 
tof water, the vapoiization proceeds with 
npid ebullition. 
^Bodi^ are dilatable by mechanical force: thus when a 





wire is drawn in the direction of its length, or wiien a 
dependent bar sustains a weight from its free extremity, 
its particles are supposed to be forced asmider, the increase 
of length being more than equivalent to the diminution 
of diameter. The density of India rubber is thought to be 
lessened when it is greatly and repeatedly stretched. 

17. Heat dilates bodies, A small quantity of air being 
confined in a glasa over a liquid, will be seen to enlarge 
with a slight increase of heat. A bladder not quite full 
of lur will, upon being heated, become distended. Oils, 
I alcohol, ether, water, mercury, and other liquors are 
■ expanded by increase of their temperature; but water 
E^iSers from the others in having its bulk increased by 
kdiminishing its temperature below 40" F, A metallic rod, 
BVhich will fill an opening in another metal, and occupy 
the apace between two fixed points while cool, will, upoa 
[Dg heated, become too lai'ge to be received into the o[)en' 
JBg, or between the points. Kims of iron are, while hot, 
Mly fitted to carriage wheels, which they would not 
mbrace while cold ; so also iron hoops by beuig heated are 
feeourely fastened on casks, etc. Whatever, therefore, is 
1 for accurate mensuration, should be employed at s 
^ven temperature, or allowance should be made for the 
ijianges. 
Many boilies by the application of heat have their parU- 
I far removed as to change their form ; thus solids 
& liquids, and liquids vapors. It is probable that all 
loUds would undergo this change, if they could be pro- 
ted from chemical reaction, and be at the same time freed 
fom pressure. The temperatures at which these changes 
bike place, though quite different for different bodies, are 
1 for each kind ; thus, mercury always melts at about 
ice always at 32°, olive oil at 36°, tallow at 92°, sul- 
jklir at 226°, lead at fll2% and silver at 1873°. Under ordi- 
f cdroamstances, most liquids pass slowly mto rapor^-l 
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r tompcralnrcs they boH. Tbe barometer standing at 
30 ioehes, hydro uliluric ether boils at 52°, eulphuric ether at 
BG% alcohol of 8.g. 0.798 at 173% water at 212', oil of tu^ 
pontine &t 314% whale oil at 630*, and mercury at 662*. 
opinions have been entertdned relative to tbe nalare 
of heat, viK. 1. tliat it is an imponderable fluid entering 
into bodies becoming warm, and leaving cooling bodies: 
S. that there is difi'iised through all space an ethereal fluid 
andnlations of which cause the phenomena of heat, as undu- 
lations in the Mr cause those of sound. This dilatation of 
bodies by heat has been applied to the measuring of ita 
quantity; thermometers and pyrometers are instruments 
nsed for ttiat purpose. Tlie great dilatability of air fits it 
for detecting slight ehjmgea of temperature, but renders it 
inconvenient for general use. 

Alcohol having never been solidified, anwera well for 
measuring low temperatures ; but being progi-esaively more 
expansible at Iijgh temperatures, and boiling at a low tem- 
perature, ita use ia limited. Mercury expanding more uni- 
formly than perhaps any other liquid, and retiuning the 
liquid form through a great range of temperature, ia better 
calculated for ordinary use than other liquids. To measure 
temperatures above that of boiling mercury, recourse ia 
I had to the ospanaion of solids : instruments by which this 
ia measured are called pyrometers. 



18. Mobility is the capabiHty of being conveyed from one 
to another pai't of space. Motion has been defined to bo a 
continued change of space, and rest aa the contrary. Uni- 
Teraal experience having shown the force necessary to move 
a body to be proportional to its weight, it has bseo inferred 
that by the ajiplication of suiBcieut force all bodies may be 
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1 motion. As, in the sacred record, the first step in 
the creation is represented as the moving of the Spiiit upon 
the fiice of the waters ; so, without motion there could be 
neither hfe nor any of the terrestrial or celestial phen(>- 
t^ena, but all things would be in unending sleep or death, 
^^est, or continuance in place, is to be considered only as 
r^apparent or relative to other bodiu'S ; for all bodies, indi^ 
pendently of their motion with the earth on its axis and in 
its orbit, are perpetually experiencing change of location, in 
consequence of the various influences of surrounding objects, 
9 well aa their own expansion and contraction caused by 
jbanges of temperature. Aa motion can be described only 
9>y reference to objects indicating location, or to some par- 
Hicular kind of motion selected as a standard, and no part 
f the universe being known to be at absolute rest, and so 
BBt to compare the condition of other bodies with ; we may 
ihave an abstract idea of absolute motion, which refers to 
l.tmiversal apace, but are totally unable to describe it, Hela- 
ptive motion may he described in either of the ways indi- 
cated. Two bodies may be relatively at rest, and yet have 
OS to a third body a common relative motion. A ship soil- 
ing with the tide, or against the tide but with a different 
velocity, has motion relatively to the bottom and sliore ; 
but if she sail against the tide just as fast as the tide I'uns, 
ehe ia at rest relatively to them. A man sitting on the deck 
of a vesael propelled over water has rest relative to the ves- 
sel, and motion common with it and relative to the surround- 
ing objects. 

Motion may result fi'om the action of a single force, or 
from the resultant of several forces, and being effected in a 
Straight course is called rectilinear motion ; or it may result 
'^in the co-oporation of a simple impulse, which alone 
■ronld produce equable motion, with an accumulative force, 
irbioh tends to produce, in a diETei'ent direction, motion 
■hose velocity increases in every enccesmve period of time, 
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llf the patha in which the body would be impelled by these 
brooB in one ])eriod of time be represented by two sides, 
3 and A C {Fig. 11) of a parallelogram, its diagontil, A 
B D, will represent the eoarae of 
the body moved ; as in the next 
period the body is supposed to 
be moved by one force as S 
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Srst period, but by the second force to a greater dia- 
tanue than before, it is manifest that the parallelograms and 
diagonals, aa in figure, must differ, and likewise the direc- 
tion of the body moTed : the same will be true of every 
fiiiocessive period ; and these periods being indefinitely small 
the course of motion must be a curve. Such motion is called 
curoilinear motion. The degree of curvature will depend 
upon the proportion of the two forces. It may be con- 
tinued, i.e. pursuing the same straight or curved course 
without deviation ; or it may be reciprocating, i.e. passing 
forward and backward over the same track. Bodies thrown 
np or falling perpendicularly through tlie air, or sliding 
over an inclined plane, afford illustration of continued recti- 
linear motion. This kind of motion is of very limited appli- 
cation to machinery ; these usually partaking somewhat of 
nature of curved motion, e.r/. the motion of bands^ 
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L^ecting wheels, and of tlie cords of pulleys, i 
the rectiliuear ami curvilinear motion a. 
Coutiuued curviliDeav motiou is ob- 
served in the aotions of the wheel and 
endless ecrew. (Fig. 12.) The 
of a saw-mill, and the piston of a 
leam-engine or sucking or forcing 
imp, have a reciprocating rectilinear 
ition ; whereas the motion of the 
idulnm, of the beam of a steam-en- 
gine, or of the handle of a sucking 
pamp, is reciprocating cuiTilinear. 

Though motion may be abstractly 
considered independently of time, 
yet in all dcBcriptions of motion the 
idea of time is perhaps necesaarily involved. 
iwn actions, as well as those of bodies 
lund na, being greatly and constantly 
ttnrbed by extraneous influences, they 
'cannot he taken ns measures of time ; but 
certain operations of nature never appear- 
ing to be BO influenced, their circitmstancea 
seeming to be unvarying, are assumed 
always to occupy equal portions of time 
and have been employed as measures of it. Thus the flow- 
ing of portions of sand through a 
tube of gkaa (Fig. 13) and the vi- 
brations of a pendulum (Fig. 14) 
used aa measures of 
ftort, and the revolutions of the 
1 as well as those of the snn 
ion its axis or in its orbit as mea- 
jreB of protracted periods. But in 
3 to motion time is always 
isidered in connexion with the s. ace traversed. 
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relatJOQ of spncc to time ia called velocitj, which can onl; 
bo acciiratolj- expressed hy stnting the portion of space 
pBsst^d through by tho moving body ia a given portion of 
time, as when it ia B^d to have & velocity of two or three 
feet per second ; yet aii idea, to some extent accurate though 
not definite, is cotiveyed by such expresBioos as rapid as 
lightning or slow as a snail. 

19. tn a Don-reaiitting medium the quantity and relodty 
of a moving body impelled by a simple force, and coDse- 

■> qnently with a uniform velocity, the time, spat^e, and mo- 
mentura {i.e. the amount of motion or resulting force) 
bear certain relations to each other, so that some being 
given and used as units, the others may be calculated from 
them. It is manifest that in equal tiroes, the spaces most 
be equal ; but in double the time, the space must also be 
double, or in general the time varying, the space must also 
vary, and he as the velocity multiplied into the time ; this 
may be expressed algebraically, thus S=VT, for a body 
moving with the velocity of two feet in one second, must 
in two seconds move through four feet. The time is ascer- 
tained by dividing the space by the velocity: for if the 
body moving with a velocity of two feet per second passed 
through twelve teel of space, it must have occupied rax 
seconds, that is twelve divided by two, hence the ex- 
pression T=— . In like manner it can be shown that the 

j Telocity is ascertained by dividing the space by the time, 

"Vs: — . The momentnm, already defined to be the amount 

of motion or resultant force, is equivalent to the imprcsdoii 
the body could make upon another body directly in its way. 
It is ascertained by multiplying its quantity into its velocity, 
thus QV=M : for if a certain impulse can cause a quantity 
of mutter to move with a certain velocity, it con impart 



tlouble the velocity to half the quantity, and but half the 
velocity to twice as much matter : tlie I'esLstanco necessary 
to stop the body muat likewise be proportioned to the im- 
pulse, therefore the quantity remaining the same, the mo- 
mentum will be as the velocity ; but with the same velocity, 
the mass being doubled, there 'will be double momentum, 
lonsoqucntly both quantity and velocity being doubled, the 
lomentum will be quadrupled. As a neceasai-y consequence 
be quantity of matter equals the momentum divided by 



If a non-elastic body A, 

loving with a uniform velocity, meet another body B of 
e same description in its way at rest, movijig in the con- 
"^rary direction, or in the same direction with a different 
velodty, their condition of rest or motion after contact will 
depend on the circumstances of theii* monientums. If one 
be at rest its momentum Is nothing, and tlie joint momen- 
tum equals that of the moving body : if both be moving in 
the same direction, the joint momentum must equal the 
sum of the previous momentums : and the velocity will, in 
both cases, be equal to the quotient of the sum of their 
momentums divided by the sum of thdr quantities of mat- 
ter. Letting V represent the velocity of A, and v that of 
B, their velocity after contact, will, in the former case, be 

, AV-l-Bv 

, jr by — — . 

A+B A+B 

r they be moving in contrary directions, action and 
I being equal, the joint momentum must equal the 
Jffcrence of the previous momonturas, and the velocity will 

( represented by : of course.if theirmomentnma 



If 
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Iirevious to contact be eqnal, then velocity after contact will 
tqnal notliing, and they nUl remain at rest. We have here 
cocisidered the boily as propelled by a single force, and in the 
direction in which it acts; but, as already intimated, two 
or more forces may co-operate so as to form a similar result. 
The body impelled by two or more forces at the same time, 
does not move in the direction of either, bat in an inter- 
mediate one, and at length reaches the point it would attain 
if the forces acted conseqnentively. Motion resulting from 
the concurrence of two or more forces, though it be in a 
direct line, Is called compound motion. 

20. Motion is naturally uniform. The motion of a planet 
b«ng found to have at one time a certain velocity relatively 
to some other continued motion, they will at any sub- 
sequent period be found to have the same relative velodti^ 
or the change will be in proportion to interfering causes: 
thus the times of eclipses can be accurately foretold thou- 
aands of years. The uniform motion of certain mechanical 
contrivances enables us to measure short portions of time. 
The uniform motion of the earth upon its axis and in its 
revolution around the sun, enables us to anticipate future 
events, they giving us the division of time into days and 
years, which we use as great standards with which to com- 
pare minor occurrences, A lofty spire stands more securely 
npon the earth than does even a tow pillar on a moving 
wagon, because the motion of the earth is more uniform. 
It is the uniformity of the earth's motion that renders it 
imperceptible by us. The case would be the same if it 
revolved in ten or one hundred hours instead of twenty- 
four. This natural uniformity of motion causes bodies 
moving together, as the furniture of a sailing' ship, to ap- 
pear at rest with one another, A person moving with such 
bodies knows that he moves only by observing his change 
of direction with surrounding objects. 

Through the force of circumstances motion may be 
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Tariable, nnequal Bpaces being paseed through in equal 
times. Vaiiable motion is either accelerated, the velocity 
constantly increasing ; or retarded, the velocity constantly 
diminishing. Motion in felling bodies is accelerated by 
gravity, ihey every moment receiving from, this cause a fresh 
velocity. The eye perceiving an apple beginning to fall 

»can for a time mark the gradual acceleration of its descent, 
tnt soon perceives its track only as a shadowy line. A boy 
«an catch his ball the instant it falls irom his hand, but after 
R little delay he will pursue it in van, A fragment of rock 
detached fi-om the brow of a hill moves, at first slowly, bat 
with greater speed every instant, till it drives every article 
before it. Though each vibration of the pendulum is per- 
ibrmed in equal portions of time, the different pai-fcj are per- 
Bfinmed in unequal periods, its descent, like that of all other 
filling bodies, being accelerated by gravitation. A liqaid, 
<4.ff. moJasaes, falling from a reservoir forms a stream, the 
fnlk of wllJch diminishea as the velocity increases, becoming 
^finally a fine thread, but rapidly filling a receiving vessel ; 
so at the Falls of Niagara, the river appears at the top an 
hnmense slow, moving mass, descending it becomes thinner 
and thinner with increasing velocity, till at last almost re- 
duced to a mist, it moves with the velocity of lightning. 
If the velocity of a body be very great; it cannot be deter- 
mined by the sight, but it can be estimated by the effect of 
Btts impulse upon other bodies ; thus a man may jump from 
ft chair without inconvenience ; and from a table with a 
■jar ; if from the top of a house his bones may be broken ; 
If he fall from a balloon he will be dashed to pieces. 

Qraoitation is a force contiimally acting, hence a body 
falling through its influence alone, and without obstruction, 

K would have its velocity increased every successive instnut. 
^e acceleration of velocity is stated to be as the aqtiaros 
Bf numbers representing equal periods of time during 
Ivbich a body falls. The force of gravity at tl 



faco has been found to be sncli, that a body will in one 
socond of time fall 18 feet, nnd in that time it acquires a 
velodty which of Itself would carrj' it during the next 
second through 32 feet, and during this eecond it also is 
drawn downwards by the force of gravity 16 feet more; 
so that in that second it moves 48 feet ; of conrse, during 
the first two seconds it (alls 64 feet; its velocity alone 
would now carry it 64 feet in a second ; but the gra^-itation 
gives it an additional velocity of 16 feet; it therefore 
in the third second moves through SO feet. Thus in the 
three seconds it moves thi'ongh 144 feet. A body [lassing 
down an inclined plane will move with a velocity greater 
as the plane approaehee more nearly the vertical position ; 
because the obstruction of the plane independently of 
friction is thus diminished ; the motion will be less rapid, 
but accelerated according to the same laws as of bodies 
folhng without hindrance. In these two cases the velocity 
of the moving body increases in a regularly progressive 
ratio ; that of a body moving down a curved surface, will 
o bo accelerated, but in an in'egular manner. The curved 




surface may be con.sidercd as made np of a succession of in- 
clined planes, each, if the surface be convex, steeper than 



ho preceding, and of course presenting less resistanoe to 
ifae gi'avitation of the descending body, ivliose velocity will 
efore increase in a greater ratio than if tiie surface were 
e, (Fig, 15.) Kthe surface be concave, then the sup- 
Kjsed planes will be successively less steep, and will ofifer 
Increasing impediment to the progress (Fig. 16) of the 
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iOending body ; but not sufticieiit wlllmut tlje aid of &io* 
lion to prevent entirely the increase of velocity. 

21. Retarded motion is that in which the velocity is con- 
tinually diminishing. The laws of i-etardcd motion are 
the reverse of those of accelerated motion. The velocity 
necessary to be imparted to a body at rest, in order to 
carry it vertitally npward to any assumed distance, is the 
same as it would acquire by fitlllng the same distance. As 
it ascends its progress is retarded by the same cause that 
would expedite its descent ; thus n body being propelled 
vertically npward by a force wbicb would carry it 144 feet 
in three seoonils, its velocity may be represented by 144 : 
during the first second it will lose 80, when it will retail 
velocity of 64, of which 48 will be ex|>ended in carrying it 
through the nest second, leaving only 16 for the third 
second. A ball shot perpendicularly upwards at length 
reaches a point where it might be for au instant in contact 
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I with 11 bird without inflicting any injury, its velocity being 
I in the ecfoiiJ instant of its passage bnt oiiiMinfti'ter, and in 
Kthc third but one-ninth of wliat it hud in the first, Ac As 
mlhe passage of a body down an inclined plane is less act^le- 
Kiated, but the velodty ultimately iic<]uired is the same as 
I if it descended perpendicularly : so one aecendiog imcfa a 
k pliine has its velocity ezliausled at the same vertical height, 
I but more equally as the plane is less vertical. Also bodies 
I ascending a convex Burfoce are rotanlud progrcsavely, but 
I less rapidly as they advance, the chords of the area being 
I each raotuerit more horizontal. On the contr.iry, one 
I ascending a concave surface suffers retardation in degrees 
I increasing each moment, because the chords of the arcs are 
I Bueceaavely mora vertical. For this reason the velocity of 
I the pendulum diminislies as it ascends, until it completes 
I its vibration at the same heiglit as that from nhich it fell. 
I If a moring body come against a spring, or a bladder 
I filled with air, or against the piston handle of an air syringe, 
I 80 as to compress the air beneath, its motion ivill be retarded 
f by repulsion. 

Motion is as naturally permanent as rest. A contrary 
L opinion is common, because we see most bodies in a forced 
I Btate. Jupiter's satellites have revolved with uniform velo- 
I city around him ; so the moon has moved around our globe, 
I and both the planet and earth with their moons have 
B passed uniformly for thousands of years in their orbits. 
1 Things may float in a trough on a sailing vessel without ap- 
i proaching the end nearer the stem ; and those floating on 
B streams do not accumulate on the western banks, as would 
B occur, if all bodies tended to rest. There are great differ- 
I ences in the duration of motion among bodies on the earth's 
R euriace, but exactly in propoition to evident causes of re- 
f tardation, of which are friction and resistance of water and 
I Mr, Friction is the resistance which one body ofiera to 
luEHiotber rubbing upon it ; it differs greatly in different coses, 
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is illustratod by a ball set in motion by equal forces, 
to a greater dlBtanco over cloth Bpread on a smooth 
.k, th.in over grass, and to a still greater distance over a 
plank, and being scaruoly retarded on smooth ice. 
Prietion may be greatly diminished, but never entirely 
overcome by art. Sharp bodiea jiass more readily throngh 
water than blunt ones. Fishea, owing to their sharp es- 
tremities, swim with facility. The passage of birds through 
the air is facilitated by tbeii" having a shape somewhat simi- 
lar to that of fishes. That calm air resists motion may be 
lown by setting in motion, together, two miniature wind- 
ills, one with the flat sides and the other with the edges 
'the vanes in the direction of motion, in air and in vacuo ; 
lat with the edges in the coarse will move much longer 

than the other, 
■■■" " , 

whereas in vacuo, 

both will stop t»- 
gether. {Fig. 17.) 
A pendulum, hav- 
ing only a slight 
friction at its point 
ispension, will, if put in motion in vacuo, vibrate a 
Jay or more. 



22. Inertia is the want of power in matter to change its 
Ooodition of rest or motion. It is sometimes called stub- 
bornness, sluggishness or inactivity. Indeed the word iner- 
tia signifi es inactivity, and refers to the resistance overcome 

putting a body in motion or in stopping one moving, 
resistance is the reaction or counter force exerted 

junst the acting body, and is increased by the addition of 

rtter ; thus a vehicle may be readily moved by an a 
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but by increasing the load it may become incapable of bdng 
stirred by the aome ngunt ; universal experience proving 
that the quickness of a moving body is proportioned to tlie 
foi-co by which it is moved, and tlifit its progress is rotnrdcd 
jn proportion to obstructions eiicoimtercd ; whence it has 
been coucUtdod that a body at rest, and receiving do im- 
pulse, would never move ; or being in motion if it met do 
obstruction, would never come to rest, bat would continue 
to move for ever without change of velocity or direction. 
A hand being applied to the crank of a grindstone and an 
exertion being made, it is set in motion ; now, less exertion 
need be made to stop it gradually, because lhi> friction and 
resistance of the air opposes the first exertion, but fiivora 
the second. To stop a roller revolving on a smooth surface, 
allowing for the friction and atmospheric resistance, the 
same exertion must be made as was first used to set it in 
molion. 

Forue has been defined " whatever produces or ojiposes 
the production of motion." That a movijjg body, not acted 
on by any force, will go on perpetually in a straight line and 
witli an uniform velocity, was not credited from the time 
of Aristotle to that of Galileo ; and, even now, the opinion 
of men is contrary thereto, till their attention is directed 
to the hindrances a moving body invariably meets, and 
which are really the causes of the retardation. It was 
shown to the Royal Society, while the matter was under 
investigation, that by increasing the weight of a top and 
diminishing the resistance offered by its support, it could 
be made to spin much longer than otherwise it would, and 
consequently it is friction against the support and resistance 
of the air, and not any principle within it, that destroys the 
motion. These impediments to motion cannot be entirely 
removed, but have been so to an extent sufficient to show 
that if all resistnnce wore removed motion would be per- 
petual. lltJitoncilIy it is true that the knowledge of tliia 
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Ibw is the result of observation ; but it has heoo contended, 
with Appearance of much probability, that the law is more 
consonant with our ideas tfiau any other would be, it 
■pending to some extent on the axiom that no change 
n occur without cause. The amount of inertia determines 
that of the force required to give motion to or dajtroy 
it in a mass : so the amount of inertia may be determined 
J>y that of forces: e.g. the force of the earth's attraction 
acting for one second, causing a body to fall 16 feet, over- 
rcomes its inertia to that extent ; were the inertia reduced 
e half, the body would fall 32 feet in a second ; and if 
r^ entirely overcome, the body would fall any distance, 
however great, in an instant. A heavy cannon ball, with 
} present inertia, requires pounds of powder to give it its 
tiBual motion, and that motion may not bo overcome by 
lilocks of granite, which it shivers to pieces ; bat if the 
inertia were absent it might, with the slightest force, be 
ji'bpelled with inconceivable velocity, and yet the resistance 
f a hMr be sufficient to stop its progress. Force that can 
e employed in producing motion, e.g. muscular effort, the 
•nbending of a bow, or the impulse of a mo\-ing body, is 
galled adive force or power: what tends to stop a moving 
body, to drivo it back or otherwise change its course, is 
jpsUed reliance : and force which can never be used as a 
nwer is called passive force, e.g. the suspension of a 
ffdght by a rope, or its support by a table. 
23. Power may be impulsive, i.e. its whole effect may 
B produced in an instant, as where a body at rest, e.g. a 
ball, is set in motion by momentary contact with another 
body in motion ; or it may be incessant, i.e. continuing 
Itlter the first moment of its application, as the force of 
ravity. Incessant force may be constant, accelerating, or 
^rding. Constant force is that which in equal timea 
roduoes equal increment or decrement of motion, e.g. 
reasore. Accelerating force is that which produces a pro- 
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ly incrGasing velodly: e.ff. the attractioo of tlie 
earth which causes the descent of the pendulum or of other 
filling bodies. The action of gunpowder on a ball, though 
apparently instantanconB, is accel«;rated through the length 
of the weapon ; hence long cannons ara more effective than 
short ones. Some long-necked birds kill their prey by 
drawing back their heads and then darting them forward 
by continued muscular action till they acquire almost the 
velocity of a bullet. The accelerating force of muscular 
action enables the kicking horse to strike a distant object 
with much greater violence than one nearer by. A bow- 
string being released from its state of tension, acts as an 
accelerating force upon the arrow which it propels, impart- 
ing to it the velocity it has at last acquired. The human 
breath acting as an accelerating force upon a small object 
passing through a long fine tube drives it forward with con- 
wderable violence. Metarding force is that which impedes 
or overcomes motion. What accelerates one motion may 
retard another, e.g. water free to move is accelerated 
downwards by gravitation ; but an upward jet is retarded 
and sometimes spread out like a palm tree, and its progress 
entirely destroyed by the same cause. A vast rock sus- 
pended like a pendulum descends with augmented velocity 
to the bottom of a curve ; whence it ascends, its progress 
being retarded in an equal degree, and by the same gravi- 
tation which accelerates its descent. Air by expanding 
accelerates motion ; yet the same air encountering a moving 
body will retard its motion : if a cannon ball could be fired 
into a long close tube of proper dimeasions, its progress 
would be gradually annihUated. Resistance overcomes 
motion more effectually as it is gradually offered, i.e., aa it 
partakes more of the nature of retarding force : thus cot- 
ton bales on the side of a vessel offering a gradually retard- 
ing force to a cannon ball will bring it to rest without being 
much injured, while the firmer side of the ship offerinj 
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ltantaiieou9 resistance will be shattered without slopping 
ibe ball. A hempen, silk, or cotton rope will resist a greater 
Iveight thrown into a scale supported hj it than could an 
ton chain which would sustain quiescently an equal weight ; 
'fit a rope will not so welt retain a ahip at anchor aa a 
bain of equal sustaining powers, because the rope being 
if nearly the same specific gravity as water, will be stretched 
B a striught line, and offer but simple resistance to the im- 
e of the waves ; while the chain, in consequence of its 

jater weight, will hang as a curve and act as a retarding 

ce upon the same impulse. Traction made upon one end 

a rope which revolves around a bloct, will set in motion 
k large ship to which the other end of the rope is attached : 
k rope so attached will retard and finally stop a vessel in 
hll sail, if occasionally relaxed so as to slide over the block. 

Action and reaction are always equal and contrary to 
jach other ; which of two bodies will move depending on 
tfie attendant circumstances ; thus two bodies moving in 
Sontrary directions and their momentums being equal will 
^ both brought to rest, but the momentum of one being 
[Teater both will move in the direction of that one, but 
Hth a diminished velocity. Action and reaction can be 
llustrated by pieces of loadstone and iron placed upon 
nrks floating on water ; both being free to move they will 
^proach each other and meet at some point between their 
^glnal positions, but either being confined to its place the 
Mher will approach it. 

The following are illustrations of inertia. A ship doca 
tot acquire her full speed at once upon spreading her sails, 
but as the continuing force overcomes her inertia ; so her 
taotion is not lost iraraediately upon taking in her sails, but 
I the continued resistance of the water destroys it. Horses 

ving to overcome the inertia of rest in a carriage, must 
Bake a greater effort to set it in motion than to maintain 

e motion ; and if the carriage be on springs, on the first 
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motion Its body and contcnU appear to be tbroffnl 
bocaitae the inertia of the wheels b first overcome. On-ing 
10 its inertia, a strong etTort is needed to stop a moving 
carriage ; and upon stopping it, the body and its contents 
mure forward. A man standing npon a boat or waggon 
k in danger, upon its moving forward, of being thrown out 
bsclcward; because, his feet move forward, while the inertia 
of his body keeps it in place ; upon stopping, his feet being 
ItroDght to rest, while the inertia of his body carries it on, 
he is in danger of being thrown forward. A man jum)nDg 
forward from a carriage in rapid motion, is in danger of 
tilling, if he does not advance his feet as innmning; because 
his feet come to rest upon the ground while his body 
advaaces with the velocity of the carriage; if he jump 
backward he is almost certain to fall, because his head 
moves forward with the velocity of the vehicle, while his 
feet move backward. A person by running overcomes iner- 
tia, and is thus enabled to Icapwer a chasm more eoEgly 
than he could if standing. If a vessel full of water be sud- 
denly pushed forward, part of the water is left behind ; if 
it be suddenly stopped, when in motion, the water is thrown 
forward. A coin being laid on a card balanced on a finger, 
a slight blow on the edge of the card will carry it forward, 
while the inertia of the coin will retain it at rest. 
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24. This term ia applied to the supposed cause of 
haps the most extensive generalization ever attempted 
natural science, viz. that all portions of matter in the uni- 
verse tend to approach each other. Attraction is considered 
an occurring at sensible distances, or only where the bodies 
reacting are in apparent contact; and both these classes are 
subdivided: to tbo first class belong attractions of gravita- 
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ion, mt^ctiam, and eleetriuity, and to the second cohesion, 
cUiesion, capillary attraction, and chemical attraction. 

Gravitation is that form of attraction which draws all 
Brrestrial objecta towards the earth's centre, and it, oa well 
a the other parts of the solar system, towards the sun. 
Probably everything within the universe ia influenced by 
this attraction ; and beside being drawn towai'd the great 
r the lesser centres all influence each other ; thus tlie 
kttraotion of the moon causes the rising of tides, and the 
I and moon co-operatmg produce the high or spring 
e. This force causes the earth and the heavenly bodies 
to retdn their forms, notisithatanding the tendency to fly 
ttpart which would be imparted to them by their revolu- 
tions. Their being all of a globular form has been con- 
Mdered a proof of their all having been once in an aerifoi'm 
lOr liquid condition. The generally received hypothesis re- 
specting gravitation views it as an essential property of 
■natter; otber hypotheses, however, have been advanced; 
ff. it haa been referred to tbe elasticity of an ether, alao 
I tlie impulse of streams of particles constantly flowing in 
1 directions through the universe. All the physical pro- 
rties of matter have been attributed to the emanation of 
Ittractive and repulsive forces from collections of points. 
ft has been objected to this last view that a body cannot act 
Vhere it is not ; but it is replied, that there is no visible ne- 
cessity of continuity, all that is necessary being the equality 
1 opposition of the action and reaction. Modem philoso- 
phers are agreed tliat gravitation affects all kinds of matter 

a the same manner; that is to say, its force ia in all cases 

dii-ectly as the quantity of matter, and inversely as the 
Iqnares of the distances Irom the centre of the attraction. 
Prior to the adoption of these rules it had been conjectured 
ttiat tbe sun's attractions were inversely as the distanoea; 
^13 idea being probably suggested by another, that attrac- 
tion might be viewed, like light, as an emanation f 
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oontrc, becoming weakened m it recedes from the centre.! 
That all bodies attract each otiier at seoNhle distances U 
shown by a celebrated experiment : a very light deal rod, 
with a email metallic ball at each end, was suspended hori- 
zontally at its centre by a fine wire. Having oscilhited 
Bome time, by the nntwisling and twisting of the v 
came to rest. Two large spheres of lead were brought into 
Bucb positions that if one could attract the small ball nenr 
which it was placed, the other, by its attraction for the other 




Bm;Jl ball, would augment the effect. (Fig, 18.) A very de- 
rided motion was so produced. By observing the extent of 
motion, and the times of the oscillations consequent upou 
withdrawing the globes, the proportions between the effect 
of the elasticity of the wire and the attractions of the globes 
for the halls were determined: by a series of experiments, 
not the only actual influence of gravitation on terrestrial 
bodies, but its relative influence as depending on the den- 
sity of the attracting body and the mean density of the 
earth have been decided. 

The attraction between bodies is in proportion to the 
masses; hence the motion of the earth towards bodies fall- 
ing upon it is BO minute aa to be infinitely beyond the 
liuiits of our observation. The overpowering influence of 
[the earth's attraction caus^ the seeming inactivity of bodies 
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in its surface, A small particle of matter being 
laced on the sarface of a golden globe one foot in diameter, 
e force by which it is attracted towards the gold U lees 
' Tir.TTV.gST *^^t of its gravitation towards the earth; 
;auBe the diameter of the earth is more than 41,000,000 
t&et, and the density of the gold is about four times the 
a density of the earth ; hence the particle in one second 
II approach the gold globe leas than tt.tjV.sst of 16 feet, 
B space entirely imperceptible. Hence we cannot directly 
f compare the gravitative force of detached masses and of the 
whole globe; yet large mountains do draw aside bodies 
from the direct line of the earth's attraction. Some French 
academicians, abont the nuddle of the last century, with the 
riew of ascertaining a meridian in Peru, were engaged in 
determining the zenith distance of a star. They found 
the plummets of their quadrants on the opposite sides of a 
moantiun were attracted towards the mountain, making the 
zenith distance greater than it ought to have been. In 1772 
this phenomenon was confirmed at the mountain Schehallien, 
in Perthshire, Scotland, the deviation being found to ex- 
ceed seven seconds. Weight is the measure of the force of 
gravity on a body, and ia proportional to the quantity of 
matter in it. Gravitation is inversely as the distance from 
the centre of the earth. Under ordinary circumstances the 
diminution fi-om elevation is too small to be perceived ; yet 
by experiments with a spring balance in a balloon, or on a 
very high mountain, a body weighing 1000 pounds at the 
level of the sea has been found to lose five pounds ; and 
I astronomical observations it has been calculated that 
b would weigh but five ounces if at the distance of the 
A difference has even been found in different lati- 
; thus bodies weigh less near the poles than at the 
fqnator. The direction of gravitation is ascertained by the 
t<tmb-Iine. Being towards the centre of the earth, any two 
Ich lines must always form an angle; and if the point of 
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observation be very distant on the sarthoe of the earth, or 
if they be consideicd as continued to a great distance up- 
ward, the angle would bo quite conceivable; but for nay 
neighboring epotK, tliu difference in direction is too slight to 
bo perceived ; and the plumb-line is always viewed as per- 
pendicular to a hoiizxjntal plane at the place of observation. 
ti every body there is a point towards which all its particles, 
in consequence of this attraction, t€nd ; so between nny 
two, or among any number of bodies, there is a similar 
point, at which, but for opposing causes, they woidd be 
sccumulatod; and if these bodies be supported at that point 
they will balance ; and for all statical purposes they may- 
be considered as collected at that point ; for they will there 
exert a pressure equal to their combined weights. This 
point is called the centre of ffraoity, and is always at tho 
lowest point possible under the urcumstances. 

25. Magnetic Attraction. — A loadstone is capable of 
attracting to certain points on its surface called poles light 
partides of iron, and retaining them there, A bar of iron 
which has been inagnetiKod escrts the same force at points 
near its extremities, which points are likewise called poles. 
When such a bar, which is called a magnet, is left fi-ce to 
move, one extremity of it is so attracted by the north polo 
of the earth as to point in its direction. This point is usu- 
ally called its north pole ; the other end, pointing equally 
south, is called its south pole. If the north pole of one 
magnet be brought near the sontb pole of another magnet 
they will move towards each other, 

26, Electrical Attraction. — If a rod of glass be rubbed 
■with warm silk it will attract many light bodies. If a stiok 
of resin be treated In the same way it will acquire the same 
property. Several bodies which have been so attracted by 
glass will not attract each other ; neither will those which 
have been attracted by resin ; but those which have been 
attracted by the one will attract, or be attracted, by such 
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as have been attracted by tlie other, or such as are unex- 
citetl. In general, those wbioh are differently e.vcited attract 
each other. By the electro-torsion balance it has been ascer- 
tiuiied that the times of vibration are directly proportioned 
to the distances, whence it follows that the force of the 
attraction is inversely as the squares of the distances. 

27. Attraction of Cohesion. — Cohesive attraction, or ca- 
hesion, bearing either of these names, is the form of attrac- 
tion which, acting at insensible distances, unites particles 
of the same kind of matter, whence it is also called homo- 
geneous attraction ; and, causing it to exist in masses, it is 
called attraction of aggregation ; and, as forming bodies, it 
is called corpuscnlar attraction. It is thought to be simply 
a modification of gravitation. Though it is at first incredi- 
ble that the same cause which attracts a mass of iron to the 
earth with only the force of its weight should attract the 
panicles together with the ibrce by which they are retained 
in mass, the difficulty will vanish when it is recollected that 
the atoms maybe amillioo of times nearer when in apparent 
contact than when one-fourth of an inch apail;, and that the 
energy of gravitation is inversely as the squares of the dis- 
tances. Were it not that only a very small portion of their 
particles can touch each other, bodies of a similar nature 
would invariably cohere when brought into contact ; hence 
two smooth panes of glass or slabs of marble, of which 
perhaps only a few points in a million are in contact, cohere 
with great pertinacity. Two freah-cnt surfaces of caout- 
chouo pressed together will cohere almost as firmly as the 
particles of either piece do to each other. Two leaden 
balls, having similar portions cut off with a clean knife, and 
then pressed firmly together by a slightly twisting force, 
will cohere. 

Cohesion, though bnt in a slight degree, does exist in 
liquids. The round form which they assume when small in 
bulk, and on a surlace which is not moistened by and exerts 
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no chcniwal action on tlipin — e.ff. mercary on a plate of 
iron, gl38«, chiuH, or marble, ami drops of dew or rain on 
certain leaves, is generally attributed to action of this force — 
and the difference in the size of drops of diHerent liquids to 
tbe difference of their cohesive attraL-tion ; 60 drops of 
vnter will fill as much space as 100 of laudanum. As the 
mass increases the liquid yields somewhat to gra\-itation, 
and acquires a surface more or less level. Liquids poured 
Blowly from a vessel pass in a continued stream, because 
the several particles have too much cohcdon to separate 
themselves. If no cohesion existed between the particles 
of liquids — e.j. mercury or water — they would &1I like 
dart. The particles of water cohering prevent a needle, 
gently Imd on it, falling through, A flat piece of any ma- 
terial capable of btlng wet by water, if balanced from the 
end of a weighing-beam and then brought into contact with 
that liquid, will adhere to it with a force more than equiva- 
lent to the water remaining on it when they are separated, 
the attraction of the aolid for the liquid being greater than 
that of the parts of the liquid for each other ; liquid is 
separated from liquid. It has been proposed to apply this 
property to the determination of the coliesive force of 
liquids; a plate capable of being moistened by several 
fi). i». liquidsissus- 




[ tiie liqiiid h now brought into contaot with the lower 
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ice of the pbte, and weights are in.lileil to tlio scalo at 
end till rupture takes place. (Fig. 19.) The 
weights indicate the force of cohesion for a surface of the 
Equid equal that of the plate. The cohesion of water being 
114-/r, that of oil of turpentine with a, g. 0'8695 ia 523'6 as in- 
dicated by glass. Though with the same liquids and eolids 
the results are unifonu, yet mercury with different eolida 
^vee very different results, showing that the cause is more 
womplex thau simple cohesion; thus with gold the force 
appears to be 23-63, while with copper it is but 1-52. 

28. Adhesion is that form of attraction by which parti- 
ta of matter of different kinds are retained in contact when 
once brought eufliciently near. It is called " heterogeneous 
■ttraction," because it is exeited between bodies of dis- 
(unilar natures. 

I. Adhesion of solids to solids. This kind of adhesion ia 
Jlustrated by amalgam of tin in ret!ectors, adhoiing to the 
Gold leaf smartly hammered against clean steel 
as to it. Was adherea to many surfaces, e. g. wood ; 
kence its use in polishing furniture. Fata adhere to most 
solids, and hence are often great hindrances in many opera- 
tions. Muny precipitates adhere tenaciously to glass 
is ; BO that titiling by friction, it is ofleu necessary to 
Ktnove them by solution. 

, H. Adheuon of liquids and sohds. Upon plunging a 
|ieca of glass into water or alcohol, and then drawing it out 
" i Bur&ce will be found wetted by a retained portion of 
tile liquid. A clean surface of metal, e.ff. of copper, being 
placed on one of mercai'y, a force varying n'ith the metal 
irill be required to separate them, and upon being separated 
i portion of the mercury will be found adhering. The 
^uid molecides are in these cases separated because the 
Oohesion Is less powerful than the adhesion. Pouring of 
^uids from vessels depends upon the infiuence of gravitiv- 
; to favor which is the use of lips to the ve^els ; eom^ 
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I times tbo lip U so much rounded or so sliort, tlmt the adbe- 
nuii of the liqnid to tlic solid causes it to flow nloug the 
siile of the vessel in an upward diiertion. This property 
may be applied to directing liquids .il<.>ng the under side of 
rods to any desired point. A thin layer of liqnid iDt«rpoBed 
between two solids may adhere, by its opponte surfaces, to 
Loth solids ; thus two coins or two panes of glass may be 

' held together by a tUin layer of ivater, the force of adheaon 
b sometimes so strong that if one of the solids be fixed the 
adhesion will entirely overcome the force of gravitatbn 
upon the other. The mobility of the particles of liquids 
renders it easier to exhibit this property in them than in 
solids ; but for the same reason it is less energetic in liquids, 
as by solidifying the iutui-posed layer the adhesion is 

I greatly increased ; thus a layer of wann fat between two 
plates will adhere, yet allow them to slide on each other, 
but iipou its solidifying considerable force will be necessary 
to separate them. This is also eshibited in the junction of 
two bodies by a cement, e.g. two pieces of wood by glue, 
biicks or stones by mortar, and porcelain by albumen and 
lime ; the cement as it hardens draws the sar£ices together 
BO powerfully that they will suffer fractare sooner than be 
separated at the place of juncture: the adhesion of glue to 
glass also is so great that jwrtions of glass are torn off in 

I attempts to disengage the glue. Liquids differ in their 
power of adhering to the same sohd: hence a drop of 
alcohol or of oil of turpentine can drive a film of water from 
the surface of glass, marble, or silver. The weights of 
porous bodies and powdei-s are considerably increased by 
moisture attracted from the air: a circumstance demanding 
attention in organic analysis. Adhesion is modified in so 
many ways that it is impo-^Bible accurately to measnre its 
force: yet it has been proposed approximately to a<joom. 
pliah this end : thus, into an end of a glass or porceliun tube 
capable of resisting a pressure of more than 100 pounds to 
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le square inch a plug of dry wood lins been tiglitly fitted, 
" which a projectiug portion has been dipped into water ; 
■ the swelling of tlie wood the tube has been burst. It ia 
wever clear that it is by no means adhesion alone which 
'WU908 tfae rupture. The same complex force has been 
'^plied to split rocks: dry wooden wedges driven into 
boles bored in the rocks ai'e wet with water, and swelling, 
split them as desired. A piece of glass or iron being im- 
mersed into mercury, upon removing it, none of the fluid 
adheres ; this has been attributed to the entire absence of 
Mtraction between the solid and liquid molecules, or to its 
less powerful than their cohesion : but that, at least, 
between mercury and glass this attraction is not 
entirely absent is shown by the following experiment ; a 
barometer tnbe seventy inches long being tliorotighly 
cleansed and freed from closely adhering air, as by the 
ion of alcohol, and then filled with pure mercury, also 
«d from air, and turned with great care so as to immerse 
open end in mercury, the whole column will remain in 
'the tube, and will require several slight agitations to cause 
its descent to the barometrical height. The want of adhe- 
sion between fat and water facilitates the pouring of that 
liquid from vessels with defective lips : the Hp being 
prevents the water running down the outade of 

29. Solution is a process in which a solid body is diffused 
igh a liqmd, losing entirely its solidity. It is analogous 
adhesion. The liquid is called the menstruum or solvent, 
mp of sugar or salt be suspended with small points 
contact with water, the water will adhere and rise 
dirough the pores, dissolving out the cement (saccharine or 
aline) which holds the little crystals together ; and these 
irill fall, their particles being in like manner disintegrated 
brill be attracted by the liquid, and will lise in it as far aa 
^e Adhesion of the particles of liquid alre-ody in contact 
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with them and gravity will allow. A stratum of the solu- 
tion will remain below until it be met^baniyally diffused 
though the water, when the salt or sugar will be retained 
in all parts by adhesion. For a fixed quantity of the soUd 
to be diflsolved, an indefinitely large quantity of the eolvent 
may be employed : yet there JB a limit to the exerdse of 
ailheaion, aa is shown by the phenomena of saturation. 
Thus one hundred parts of water may dissolve any number 
leas, but not more, than thirty-seven parts of salt ; the adhe- 
Bion of the water to the salt progressively overcomes the 
cohesion of the solid till the two forces are balanced, when 
the fluid is said to be saturated. The power of water to dis- 
solve different soluble substances, is very various towards 
the different articles, bnt fised as to each individual. The 
power of saturation is not dependent on the atomic weight 
of a soUd ; indeed in many instances it varies greatly with 
the temperature ; hydrated salts {those containing water of 
crystallization) capable of undergoing watery Itision above 
the temperature neceRsary thereto, dissolve in any proportion 
of water. Generally the most fusible Siilts are most solu- 
ble ; e.ff. hydrated salts, and of anhydrous salts, chlorates, 
nitrates, chlorides, and iodides, all of which are highly fum- 
ble and soluble. Cohesion is the only property of bodies 
which is materially affected in this kind of combination, and 
it is probably by diminishing it that beat favors solution. 
Common salt is equally soluble at all temperatures. The 
solvent power is sometimes diminished by a high tempera- 
ture ; e.ff. sulphate of soda at 32" F. 100 parts of water 
dissolve 5 parts, at 92° 52 parts, and at higher temperatures 
the quantity dissolved is progressively lessened till at 230" 
they dissolve but 43 parts. Solvents dissolve most readily 
those substances which they most resemble in pi-operUes ; 
thus, mercury is perhaps the only solvent of metals; osy- 
dated solvents dissolve oxydated bodies, e.g. water dis- 
solves adds and salts; Babatances abounding in hydrogen, 
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i are most readily dissolved in hydrogenatcd liquids, e.ff, fiit 
I orresin in oil; essential oils, most organic elements, and but 
\ taw oxysalts in alcohol and ether. The solution of a solid 
I is greatly Iiastenecl by previously pulverizing it. This is 
E due to tlie increased sui'lace which is thei'eby presented 

■ to the action of the solvent. 

I The cleansing property of water- la owing to its power 
I of adhesion or solution. Alcohol dissolves some bodies, 
I e.g. resin, which water does not ; and water some, e.g. 
1 gum, which alcohol does not. Sometimes the mutual 
K attraction of two liquids is greater than the adhesion of 
I dther to a solid soluble in it ; in that case if one of the 
I liquids be added to a solution of such solid in the other, 
I tUe solid will be separated, when it is said to be precipitated, 
I *-9- S^"^ i^ separated froui water by alcohol, and resin from 
I alcohol by water. 
I 30. m. Adhesion of Ugvida to liquids. — A very small 

■ quantity of oil placed on water is difiuscd over the surface 
fin a very thin film presenting a variety of hues ; the quan- 
tity of oil being increased, its cohesion overcomes the adbe- 
Mon, and the oil collects into a lenticular mass, A plate 
of glass being covered with oil, and then laid with its oiled 
BarlhcQ upon water, to remove the glass perpendicularly up- 
ward will require considerable force. In other cases the parti- 
cles of the different liquids adhere so as to be diffnsed through 

^ each other, as in the dilution of alcohol or acids by water. 

31, IV. Adhesion of gases to solids. — Fine particles of 

I iron, mercury, or lead, ctc^ thrown upon water, have air 

I adhering to them, which prevents them sinking until they 

sollect in sufficient quantity and contiguity to become spe- 

Icilically heavier than water, when they sink. Upon pour- 

r ing mercury into a glass tube closed at one end, bubbles ef^^,. 

B observed to adhere to various portions of the glass, ' 

although encompassed by a fluid more than 11,000 times aa 

heavy as itself. Water boila at a lower temperature 
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[ metallic vessel than in one of glass, owing, as it is stippased, 

Lto the ndliesiou of the vapor to the glass suriiiec. Boz- 

Ewood charcoul, free Irom air and muiature, will, in 24 boors, 

■.■bsorb 3& times its bulk of carbonie acid, tbe whole of 

rvkicb cannot be removed by an Mr-pnmp, If a Btreain of 

I hydrogen gas be thrown upon spongy platinum in air, it 

adheres to tbe platinum, which instantly becomes rcd'hot, 

and the hydrogen is ignited. The same eflVet is produced 

by introducing a perfectly clean plate of platinnta mto a 

mixture of hydrogen and oxygen gases. When tlie oxide 

of iron is reduced by hydrogen, a quantity of the hydrogen 

adheres to the iron, and causes it to burn immediately on 

coming iu contact with the air. The previous pulverLdng 

of the sobd, favors these actions by presenting increased 

surfaces to the adhering gases. 

", Adfieeion of gases to Uipiida. — Gases and 
Tapors are absorbed by liquids, but in general not to 
I great extent as by some solids ; thus of oxygen gas, 
water absorbs 0.045, alcohol (a.g. 0-84) 0-1G25 and char- 
coal 9-25 ; of hydrogen gas water absorbs 0"0156, alcohol, 
O'OSl, and charcoal, l'T5 ; of carbonic acid gas, water 
absorbs 1'06; alcohol, 2'6 ; spirit of wine, TST, and cbar- 
ooal, 35 volumes ; in some cises the liquid absorbs a much 
larger bulk, e.j. of hydrochloric acid gas, water absorba 
460 volumes, while charcoal absorbs but 85 ; of ammoniacal 
gas, water absorbs 670, and charcoal but BO ; of sulpbnr- 
ons acid gas, water absorbs 43'T3, charcoal 65, and alcohol 
115'77 ; the temperatures at which these results were 
obtained having been somewhat different, they are but 
approximate. In general, the absorbing power of different 
liquids is inversely as their specific gravities; but this ia 
vary far from being an exact law. Silver, when melted in 
B| lur or in oxygen gas, absorbs a large quantity of gas ; which 
^E upon the solidifying of the silver escapes, giving to the but- 
^H ton a jagged or arborescent appearance. 
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33. TI. AdTiesionofgasestoffosea. — Cohesion appears to 
be entirely wanting in gases, the particles of any one kind 
of gas being kept Jn contact only by some extraneous force. 
The molecules of different kinds of gases, however, exert 
towards each other a kind of attraction analogoos to adhc- 
Bion, which is usually called dilution. If two liquids which 
do not react chemically, e.ff. oil and water, or mercury and 
water, be commingled, they will, upon being left at rest, 
separate, the heavier occupying the lower position ; not so 
■with gasoa — which not only do not separate when so com- 
mingled, but tend to mix even contrary to their specific 
gravities. So great is this tendency with oxygen and 
hydrogen, that, if they be contained in separate vessels 
tmited by a tube of only ono-fourth of an inch diameter 
and three feet long, the oxygen being in the lower vessel, 
and sixteen times as heavy as the hydrogen, they will, in a 
few hours, be found to have conamingled. Tho same ia 
the ease with all gases which exert no chemical action on 
each other at ordinary temperatures. It was first observed 
that, upon passing a gas through a stone-wr.re tube iu a 
fire, the gas, although under pressure, escaped through the 
pores in the tube into the fire; and gases from the fire 
passed into the tube. It was afterwards diacovered that, if 
the upper of two vessels, placed vertically over the other, 
Slid communicating by a fine tube, contain hydrogen, and the 
lower carbonic acid, these gases will be found to interchange 
plaoea although the latter is twenty-two times the heavier. 
Thifl disposition is so strong that many philosophers copslder 
one gas as offering no greater rcMstance than a vacuum 
to the expansion of another. Subsequently, by allowing 
different gases to diffuse into the air, through a fine tube, 
in a way not favored by their gravity — i.e. the gases heavier 
than ai;- from the top of the vessel, and those lighter from 
the bottom — it has been found, 1st. That different gasea 
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their specific gravities, the lighter gasea diffusing much 
more rapidly than tlie heavier. 2d, From a rnisiture of two 
gases, the more <liffusive escapea more r.ipidly. Thia fur- 
Biah«B a method of mechanically separating gases — vix, 
allowing the mixture to diffuse, for a limited time, into a 
confined gas or vapor of a kind L'apablc of being eanly con- 
densed or absorbed. Diffusion of gases is best illustrated 
vheu they cummunicate through pores of uiaendble mt^- 
nitudo. A chemist, in oollectitig some hydrogen gas, tuxA- 
dentally used a cracked jar ; after twenly-four hours, dnring 
vhiuh neither the pressure nor temperature of the atmo- 
sphere had sensibly changed, he observed that the water bad 
risen two and a half inches above the level of that in the 
trough. Another, repeating and varying the experiment, 
using more accurate instruments, fomid that not only did 
hydrogen escape, but air entered ; but the bulk of the 
escaping hydrogen was 3*83 times as great as of the air 
entering. He ascertained that of each gaa a peculiar 
volume would eseape in a fixed time; this he called ita 
diffusion volume. He further ascertained that the diffudon 
volumes of any two gases are universally as the square 
roots of their specific gravities. 

Many porous substances — e.ff. charcoal, wood, nngl&zed 
earthen-ware, dry bladder, thin slices of granular foliated 
minerals, aa fienble magnesian limestone, may be used ; so, 
also, may dry and sound cork, but these allow the diffusion 
to go on very slowly ; their porosity being inferior to that 
of stucco, they are all surpassed by it. The prefeixed me- 
thod is to close about one-fifth of an inch at oHe end of a 
1 tube half an inch in diameter and from sis to twelve 
inches long, with such work. "When dry, such a tube being 
filled with hydrogen over mercury, the diffusion coramencea 
instantly, and in twenty minutes the whole of the hydi-o- 
gen escapes. The plaster must be kept dry ; therefore, in 
eiperimenting over water, the air must be removed by a 
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syphon before introducing the gas. Tbe appearance of the 
water rising in the tuhe from winch tlie hydrogen is diffused, 
is striking ; but, on experimentally deteriuining the propor- 
tion between the gas escaping and the air entering, it is 
necessary to keep the pressure aniforrn by preserving the 
water at the same level within and without the tube. On 
the principles of pneumatics, tbe velocities with which 
bodies ruah into a vacuum should correspond with their 
diffusion volumes. This law has been considered as confirm- 
ing the opinion that gases act as vacua to each other. To 
this view, however, it has been objected that " 1, It is sup- 
posed, on tliat law, titat, wlien a cubic foot of hydrogen gas 
is aUowed to commnnicate with a cubic foot of air, the 
hydrogen expands into the space occupied by the lur, as it 
would do into a vacuum, and becomes two cubic feet of 

t hydrogen of half density. The air, on the other hand, 
expands in the same manner into the space occupied by the 
faydrogen, so as to become two cubic feet of (ur of half 
density. Now of gases actually expanded through each 
other in this manner, cold should be produced, and the 
Cempei-ature of the mixed gases should fall 40 or 46 de- 
grees. But not the slightest cliange of temperature occurs 
in diffusion, however rapidly the process is conducted. 
2. Althougli the ultimate result of diffusion ia always in 
conformity with Dalton'a law, yet the diffusive process 
takes place in different gases with very different degrees of 
T^idity. Thus the external ah' penetrates into a diffusion 
tube with velocities denoted by the following numbers, 
1277, 623, 302, according as the diffusion tube is filled with 
hydrogen, with carbonic acid, or with chlorine gas. Now, 
if the air were rushing into a vacuum in all these cases, 
K«hy should it not enter it with tbe same velocity ? Some- 
~ ing more, therefore, must be assumed than that gases are 
)ua to each other, in order to explain the whole pbeno- 
sns obsei-ved in diffusion." 
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34. CapiUarity is a general term applied to certain pheno- 
mena of botli attraction and rcpnlxion ; u'c shall bereafler 
treat of tlie latter, for the present uonfining oiir attention to 

CapiUaiy attraction ; A number of the phenomena of 
molecular actjon are arranged together under this head : of 
thoae the ascent of liquids in capillary tubes is the most 
conspicuous, and consequently confers a name upon the 
one cause uf the vhole class. When a body is plunged 
vertically portly into a liquid capable of adhering to it, the 
liquid mes to an indoiinito height on the side of tbe body, 
covering it with a film whose thickness diminishes as it 
rises, its surface being concave. This film nuiy be consi- 
dered us made up of a succession of films, that nearest the 
body being highest, and the other progressively less high, 
tlie first being supported by adhesion to the solid, and the 
others by coheHion. To better understand the mode of 
ascent of the liquid on the side of the solid, the surface of 
the latter may be considered as divided into a number of 
small portions parallel to tbe liquid surface, the lower of 
which attiTicta a portion of the fluid, this b«ng thus brought 
within the sphere of attraction by the second, rises to it, 
and its place is supplied by another portion ; in like mimncr 
each portion of the liquid is attracted and elevated by the 
solid surface above it. The ascent stops at the point where 
the weight of the accumulated liquid is equal to the elevat- 
ing force. The result is entirely independent of the thick- 
ness of the solid body, whose sur&ce alone acts, the force 
being exerted only at insensible distances. K two plates 
of glass be partially immersed in water, or other liquid 
capable of moistening them, near each other with their sur- 
faces parallel, they will co-operate, and the liquid will rise to 
heights inversely as the distances; if they be placed with 
one vertical edge of each in contact, and thence opening 
at an acute angle (Fig. 20), the hquid will rise between 
them, the surface of the riwsed part being curved; at any 
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*wo points of the curve, the height will hi; invorsely as the 
.^stances of the 
plates. An opeu 
g;ln8s tube being 
put iuto a similar 
situation, the 
li uid will rise 
-■(Fig. 21) withiQ 
to twice the 
jbciglit it would 
a tain bet ecn 
two plates separated by an in- 
terval equal to the iiitemal 
i^iameter of the tube. The 
iBdr&ce of the elevated liquid 
is a coDoave hemisphere, whose 
diameter is that of the tube. 
It is thought that the liquid 
molecules tend to preserve a 
level surfjce, and the external 
force having disturbed their 

eqiiilibrituii, they are thrown into a state of tension which 
causes their ascent. This tenBion is illustrated by a soap- 
babble retMning its form while the tube upon which it is 
blown is kept closed ; but upon opening it the babble con- 
tracts vritb force quite manifest if the escaping air be di- 
rected agmnst the skin or the flame of a candle. The tube 
b^g carefully withdrawn a column of liquid is ret^ned 
whose height is always greater than when immersed, the 
height depending upon the size of the drop remaining on 
the extremity ; the walls of the tube being thick the drop 
is large and the height leas, but if they be thin the drop is 
small and the height greater. The tube having the form of a 
syjihon, a liquid poured in will stand at the same hei 
both branches, while it does not reach the end of the i 
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one, wheD it has reached 80 far more may be poured' 
the loDgcr branch to a constantly incroaiung excess of h( 
the concavity of the surface in the short branch proportioo- 
ally dimtuishing till it becomes level, when the excess of 
tilt.' column in the long branch is equal to %Fhat a strught 
tube of the same diameter would elevate. Still more liquid 
can be poured into the long branch till the excess of the 
column is doubled, when that in the short one will have a 
convex hemispherical surface ; If more be added the liquid 
will flow from the short bi-anch and the column in the long 
one will fkll to an extent dependent npon the size of the 
resulting drop. (Fig. 22.) The heights to which liquids 
will bo raised by ca- 
pillarity vaiy greatly 
with different liquids; 
but are constant with 
each, and do not ap- 
pear to bear any rela- 
tion to the den^tiea, 
nor to depend on the 
nature of the tube, it 
being necessary only 
that it be moistened. 
In similar tubes the 
height of water being 
represented as 3'4, the 
-linmbers denoting those of solution of ammonia will be 3'6, 
of anhydrous alcohol 1*8, and of sulphuric actd 1'3. In a 
tubeO'05 in diameter, water (s. g. 1,000) is elevated 0"92 
ini-h, alcohol (b. g. 8185) 0.36, and oil of turjientine (s, g. 
■0-a695) 0-39. 

35. If the tube be conical, and but a section of it bo filled 
with an adhering liquid (Fig. 23), this will have two concave 
'■nrfaces and the attraclion of the glass, or the tension of the 
fiquid, at those surfaces being inversely to the radius of the 
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curve, the liquid will pass to tlie narrower part of the lube. 
Fia- M. 



For the same reason, if the tube be uomposod of two parts, 

one much am all ei' than the other, the height of the column 

sUEtained by it will depend npon the end which is uppermost 

being the same as if the tube were throughout of the same 

diameter as that end (Fig, 24) : 

so a vessel of anyahape having its 

upper part drawn into a capillary 

tube will Eiiatftin a column of 

■water as high as the tube itself 

would. In an annular space of 

any thickness, the elevalinn is the 

same as in a tube of a diameter 

double that thicknes3 : thus, if a 

rod of glass 0-36 of .an inch in 

diameter be so fixed within a 

tube whose internal diameter is 

©■4 of an inch, that their axes shall coincide, there will 

be between them an annular space 0'02 of an inch in 

thickness, and in this space liquid will be elevated as high as 

in a tube the diameter of whose bore is 0-04 of an inch. If 

in this experiment a tube be substituted for the rod, both 

tubes will act separately : thus, if the diameter of the bore 

of the inner tube be double the thickness of the annular 

space, the liquid will stand at the same level in both ; if it 

be leas, its column will be higher ; if it be larger, its column 

will not be so high. If the outer tube be much shorter 

ktban the ioner and be closed at one end, the same changes 
can be produced as with the syphon (§ 34, Fig. 25). Two 
glass plates meeting by an edge of each at the small angle 
and these edges being placed horizontally, a drop of water 
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as to toacb them both, will pass rajudly 
towariU the edges in contact; if the npper 
plate be rctabed in the horizontal postion and 
the angle be increased while the drop is mov- 
ing, its motion will be retarded by the force 
of gravity, and may be entirely overcome. 
(Fig. 20.) The influence of the solid extends 
to a conudcrablo distance along the snrtace of 
the liquid : thus, a light ball of a matter capa- 
ble of being moistened by water floating on 
its Biirfacc, will move even to the distance of 
an inch to the side of the vessel containing 
them. And if two sucfa balls be placed at the 
distance of an inch apart on 
the surface of water in a 
larger vessel, each will at- 
tract the water at half that 
distance, and the tenaou 
thus developed at its snr- 
1 the balls to approach each other. (Fig, 



L SJ.) A space completely filled cannot exert any capillary 
li ftOtion ; heuoe, to whatever height in a tube a liquid may 
» be raised by capillary attraction, it never runs over the top. 
Cotton-wick which is composed of a great number of vegeta- 
ble hairs united together with minute Bpaees between them, 
in which various liquids, t.g. oil, water, etc., will rise : by 
H of It a vessel may bo emptied ; but it ia not by ca- 
kjnllarity, but by gravity, that the liquid flows from the 
I lower end ; for the eac.ipe may be imniodiately stopped by 
•3 tbc cotton lo a horizontal position. The influence 
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of capillary attraction is remarkably exbiliited in its pre- 
vention of evaporation : thus, tubes filled with water as 
entirely as they can be by this force, have been exposed for 
months to the action of the sun without any appreciable 

iss of the liquid. 
86. Imbibition is an example of adhesion and of capil- 

irity strictly so called ; for water being brought into con- 
itect with sugar, sand, sawdust, ashes, sponge, or blotting 
■paper, it adheres, and they become moist, and having a 

ultitude of minute cavities, ramii'ying- more or less tortu- 
;ipnaly, quickly draw up the liquid, and become saturated, 
also organic tissues, as cartilage and tendon when diied, 
,if plunged into water soon imbibe a portion, and regain all 
the phyaoal properties they possessed during life. Water 
by capillary force passes into a strainer, e.f/. filtering paper, 
and by cohesion collects below into drops, and by gravity 
fells away. Solid particles being suspended in a liquid will 
rest upon a filter, while the liquid soaks into its substance. 
I>rops of colored liquid, like chocolate or ink, felling upon 
cloth or other similar texture, the liquid is attracted from 
the more solid part, leaving them as a dark spot, surrounded 
by a zone less deeply colored. A similar effect follows 
the effusion of blood into the cellular tissue under the skin, 
the serum being carried to the margin. The subject of im- 
Inbition was investigated experimentally a few years ago in 
Tuscany in the following manner. Six glass tubes about 
four-fifths of an inch in diameter, each closed at one end by 
a cloth tied round it, were filled with sand previously passed 
through a very fine sieve, and dried by a water hath ; agi- 
tation being carefully avoided, so that it might be equally 
'Oompressed throughout. The closed ends were all at the 
BMue time plunged one-fifth of an inch deep into si. 
ent liqiuds, all at 73° F. The imbibition commenced 
knmedi.itcly, rapidly at first, but becoming progressively 
dower for ten hours, at which period it ceased. The liquid 
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vas replaced occasionally, so as to keep the pressure uniform 
in all the vessels. It wns foand that different fluids were 
imUbed in very different proportions, e.g. solutions of gam, 
boiled starch, and oil, scarcely at alt ; concentrated saline solu- 
tions and all liquids holding very minute solid particles in 
suspension vejy sliglitly. The last underwent a kind of fil- 
tration. Among the following articles the saline solutions 
were all of one density, viz. 10 Baumt; white of e^s 
mixed with an equal quantity of water ascended 35 milli- 
motrcs; milk, 55; solution of chloride of sodium, 68; 
distilled water, 60 ; solution of the earhonate of amtnocia, 
62 ; sertim, 70 ; solution of sulphate of copper, 75 ; Bolution 
of carbonate of soda, 85. It was found that as in capillary 
tubes, BO in tubes filled with sand or pounded glass, water 
IB r^sed higher than alcohol ; in Bawduat, on the contrary, 
it was not so much raised, as is here represented. 



Alcohol rose 
Water rose 
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Id Sairdiut. 

125 mm. 
00 mm. 



Two tubes, one containing twice as much pounded glass aa 
the other, were placed in water; in the former the water was 
raised 170 mm., in the latter hut 107 mm, ; the cause of 
this difference is somewhat obscure, but it was attributed to 
the greater extent of solid surfece and much smaller dia- 
meter of the capillary cavities in the former. Temperature 
was found to influence the process : two tubes prepai'ed 
with sand were plunged equally into separate portions of 
water, one being at 131° F., the other at 59" F., after 
70 seconds the elevation in the former was 10 mm,, in the 
latter fi mm. ; after eleven minutes, in the former it was 1 75 
mm,, in the Litter 12 mm. It appeared to proceeil eqnally 
well in air, dry or saturated with moisture. Imbibition by 
sand, ashes, and sawdust, was found to go on as well under 
the eidiausteil receiver of an au- pump as in the open air ; 
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, thoiigli it progresses move rapidly in vacuo (liiiing the first 
k few seconds, at ihe end of ten minutes no difttrenoo waa 
lobserved. It might appear that a column of light powdoi-, 
ff, sand, ashes, t&c, woidd become saturated throtighont 
f imbibing a liquid into which itn lower end is immersed ; 
It tbb expectation ia not realized by esperiment; the im- 
i becoming progressively slower till it reaches a 
loint, certain for each material, when it ceases entirely. 
a occurring at the same place In dry air or air saturated 
h moisture, cannot be caused by evaporation from the 
upper sui'tace. It has been attributed to little canals reaoh- 
ing along the length of the column, and by their capillary 
action aiding the adhesion of the liquid to the sui'l'acc of 
L»be solid. This explanation appearing to represent a force 
■limiting its own exercise is not satisfactory; it has been 
K'vith more plausibility referred to the counterbalancing 
' agency of gravity. More or leas heat and eleetricity have 
1)cen observed to be disengaged during capillary action ; in 
tbb respect it resembles chemical attraction. Moreover, 
Bait water flowing through a long tube filled iv'tb sand, 
^as been observed to lose its salt ; but this, according to the 
observations in Tuscany, occurs only at first, the fluid afVer 
a short time passing out as dense as when introduced ; and 
solution of carbonate of soda was found to be increased in 
density by flowing through ten feet of sand. 

S7. Osmose ia the transmission of liquids into each other 

through the pores of an interposed medium, which oi-dina- 

rily offers more resistance to tlie passage of one of the 

liquids than of the other. The phenomena can be exhibited 

in theii' greatest simplicity with the instrument called " en- 

dosmometer," which consists of a glass tube, one of whose 

^^ ends is closed by a. piece of bladder, and placed with its 

^^L elosod end in an outer vessel. JEndosmose (from stSev and 

^^H utf^oc) is the passage of the outer liquid into the interior. 

^V JSxoatnose (from egw and wf/ioe) ia the outflowing of the 

^V inner liquid. 
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^B Endosmose. — If a solution of stigai- or gum be poured 
^H into the instrunietit, and tbo closed end be placed iii pure 
^H water, the water will continually enter through tlie mcm- 
^H brane, notwithstanding the pressure of the solution above, 
^H .ud the lube will thus be filled even to overflowing. At 
^H the same time some, but leas, of the solution will pass ont 
^H and mingle with the water. Membranes act thus, even 
^P till at the point of putrefaction ; but as soon as that com- 
H mences the raised liquid descends and filtrates. Layer!« of 
^B llUe, and still better baked claj, also have this property. 
^H Endosmosis is greatly iufluenced by the nature of the fluids. 
^H Tlie velocity of the current is in direct proportion to the 
^H excess of density of the liquid within over that without, ex- 
^H eepting alcohol, which produces endosmosis of water placed 
^H externally. Through a membrane 4 millimetres tliick 
^B upon a tube 2 mm. in diameter divided into spaces each 
^H S mm. long, in an hour and a half, into a solution of sugar 
^H with a density of 1*083, a column of water has been found 
^H to rise 19t^ divisions, into a solution with a density of 1*145 
^H to rise 34, and into a third solution with a den»ty of 1*228 
^B to 53. It appears that, of all organic substances soluble in 
^P water, albumen produces endosmose with the greatest force ; 
' for the following solutions, of the same densities, being 
separated from water by a bladder, solution of gelatine 
drawing in 3 measures, solution of gum di-awing 5*17, that 
of sugar II, and that of albumen 12. The endosmose of 
water is caused energetically by all animal fluids, except 
those usually found in the large intestines: the cause of 

I these not producing it is probably the sulphuretted hydro- 
gen which they contain ; that gas completely preventing 
its manifestation in a membrane with which it has been 
but a short time in contact. The slightest trace of sulphu- 
retted hydrogen or of sulphuric acid modifies Its produc- 
tion, a propei-ty not possessed by hydrochloric nor nitric 
acid. The passage is fat^ilitated by an increase of tempera- 
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tare, Endosmose occurs from water to a solution of hydro- 
chloric acid with a density of 1'02 ; but if the density be 
1'015 the ctuTcnt is in the contrary direction ; if acid with 
this density be u^d at a temperature above 68° F. the 
current is again reversed. 

That the above velocities are to be considered invariable 
only when through bladder, is evident from experiments 
with different kinds of membraneB. In each experiment 
two eodosmometers were used, each 3 mm. in diameter, 
prepared with the same kind of membrane, wliich was 
attached to tlie one with its outside and to the other with 
its inside towards the interior of the tube, both being im- 
mersed into the same vessel. Sometimes an instrnraent has 
been used which is essentially a cylinder separated into two 
parts by the membrane, each communicating with a sepa- 
rate tnbe. (Fig. 28.) Besides spring water, which was 
generally exterior to the tube, the 
following liquids, always of the den- 
BitJea specified, have been nsed ; 
engar water, 19° Baume; solution 
of white of eggs, 4° ; solution of 
gum arable, 5°; and alcohol, 34°, 
The eiperimentswere continued two 
hours between the temperatures of 
fi3-6 and 59 F. With the exi - 
nal surface of torpedo skin toward 
the interior of the tube the column 
of solution of gnm was rMsed 30 
mm,, of syrup 30 to 80, of solution 
of albumen 26 ; with its internal 
surface toward the interior the co- 
lumn of gnm solution rose 6 to 18, 
of syrup not more thrm 2, of solu- 
tion of albumen 13. With the ex- 
ternal surface of the skin of a frog toward the interior of 
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the tube tlie colnmn of solution of gum rose 32, of ff 
86, of solution of albumen 24 ; with the positioD of the 
dcin reverBC'd the gum water rose 16, the syrup 34, and 
the solution of albumen 12. With the external surfiice 
of tho akin of an eel toward the interior of the tube tbe 
solution of gum rose 20, the syrup 30, and the solution 
of albumen S ; with the skin in the opposite position 
the solution of gum afleonded IT, the syrup 20, and the 
Solution of albumen 4 Unlike the skins of tho torpedo and 
the frog, the differtnie n ith the two sides of the eel-ekin 
did not in Iheejponmcnt upon sj rap appear for some time; 
irhile in those upon solution ot gum or albumen, it, as willi 
the other tiklns, appeared miinediately. Tho eel-skin having 
been detached from the animtl two or three days, the di£ 
fcrence of the height of the column in the two tubes was 
Hot seen. Freshness did not appear so essential in the frog 
or torpedo-skin. With these skins the current, as with the 
bladder, was always from water to alcohol. It was alwaj-a 
influenced by the disposition of the membrane ; but this 
Was diffei-ent in different skins. Through the frog-skin tiie 
current was more rapid from the exteraal to the internal 
Burfiico, the rise in such circumstances being 20, 24 and 
40 mm., while in the contrary condition it was but 4, 12 and 
20 ; but with eel-akin the current was mucli more rapid 
when from the internal to the external side, 20 ram, passing 
so while only 10 passed from the external to the internal; 
the difference was the same with the torpedo-skin as with 
the eel-skin, 50 mm. passing from the internal to the exter- 
nal aide, while but 20 passed from the external to the 
internal. With the torpedo-skin, if it was recently pre- 
pared, the currents were as above stated ; but after it con- 
tinued an hour the current from the external to the internal 
lade diminished, and ultimately ceased entirely, while the 
contrary current remained constant. These singnlaiitiea 
bave heen attributed to chemical change effected in s| 
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1 skin by the alcohol, The hitensity of the endosmose was 
r diminished but irregularly through eel and frog-skin, and 
I with neither was the direction of the current changed, 
I The table hdrc quoted cshibits the intensity of the endos- 
^taiOBe of spring water into each of the liquids through the 
■different skins : 

I gQlutlnn oT e.>1utinnur Sulntfon df 

■ m.' Mil." * ^"l mil 
I Skin of torpedo, . . 100 30 120 35 

■ Skin of frog, ... 25 15 22 80 
f Skin of eel, . ... 15 8 6 55 

I 38. The mucous membraiios of the stomach of the lamb, 

I cat, and dog, and of the gizzard of the fowl, eaeh carefuUy 

I detached from the muscular coat, have been subjected to 

I expei-iment. The endosmose of n-ater into solution of 

I sugar was greater from the external to the internal side 

I through all except that of the Iamb, in which it was the 

I reverse ; in the gizzard the difference was alight. Water 

[ passed into solution of white of eggs more rapidly firoia the 

external to the internal surface of the membrane of the 

lamb : through that of the fowl it passed equally fast wbioh- 

' ever side was in contact with the solution, except in one 

experiment. The endosmo.iis of water to gum water was 

nearly equal either way ; if there be any difference it is 

greater when the inner surface is towards the gum water. 

The endosmosis of water and alcohol was most active from 

the internal to the external surface ; the current through 

the gizzard was always to the water — through the others 

always to the alcohol. With the mucous membrane of the 

bladder of the ox, separated from the muscular fibres, in a 

fresh condition, the following results were obtained : With 

syrup used within the instrument the ascent was more 

tpid when the internal surface was uppermost. With 



gum arable solution as the inner liquid the column at first J 
]|^_ descended, but afterwards ascended ; the height wMch it M 
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1 was alwara greater when the external surface was 
lermofit. With olcoUol the current was from the v'litei': 
s iiiflueuce of the surltici! was not decided. Drying or 
otion destroyed nearly or entirely tKe influence of 
the sur&ccs. By soaking the membrane to which muscular 
fibres adhered, tbey became distended, and thus were 
restored to a eontlition aiinilar to that of those in a fresh 
Jiladder: in either oaae the fibre* interfered with the 
ssage of the water. Tlie phenomena of endosmose 
rough organized tissues not presenting the uniformity 
)pbsorved in purely physical phenomena must bo uwing to 
^eir anatoniico-phyaiological state. From the ex|ieriments 
lere considered the following general conclusions have 
|Ken deduced. 

" 1st. The iutermediate membrane exerts a very active 
jart in the velocity of the endoamoaic current, as well as in 
:Ub direction. 2d. There is, in general, n-ith each mem- 
I certain position in which endosmose is most 
active. The cases are very rare in which, with a fresh 
jpiembraiie, the endosmose is the same, whatever be its dis- 
^eition with regard to the two fluids. 3d. The direction 
.most favorable to endosmose thi'ough skins, is generally 
from the internal to the external sui'face, with the excep- 
tion of that of a frog, through which the endosmose 
■between water and alcohol takes place more vigorously 
from the external to the internal surface. 4th. The direc- 
tion most favorable to endosmose through the stomach and 
urinary bladders is much more variable than through skin, 
according to the diflerent fluids. 5th. The phenomenon 
of endosmose is closely connected with the phj-aiologioal 
state of the membranes. 6th. With membranes dided or 
altered by putrefaction, there is either no endosmose, or if 
I there be any, there is no difference in the different positions 
f the skin." . 
^ 39. , Mcosmose is the flowing out of the. inner liquid. It 
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,|iad been supposed that this occurred in all cases, and that 
the rising of the fluid witiilu the tube was caused by the 
inner current esceoding the outer. To determine thia 
fK>int the Tuscan experimenters employed the skioa of frogs 
iHnd eela, and for the denser fluid solution of salt or sugar. 
ffhey used two instruments, one with the inner surface, and 
the other with the outer towards the interior of the tube. 
tito eacli they introduced an equal quantity of the solution 
.of salt {or of sugar) in water, and placed them in separate 
flass vessels, each containing a quantity of distilled water 
equal in bulk to the solution. After two hours, each sepa- 
rate portion of liquid was measured. If the difference in 
the height of the columns, in the two cases, depended npon 
difference of strength in the inward and outward currents, 
then that column which had increased most in height 
should have been most -reduced in density. But they 
observed that in the cndosmometer in which there was the 
greater rise there ivas less change of density in the inner 
fluid ; and that into its vessel containing the distilled water 
there had been exosmosed less salt water than into the 
other. They therefore concluded that the endosmose was 
equal in the two, and that the difference in height depended 
upon a greater quantity of salt water being exosmosed 
from that in which the column had ascended the less. 

Though this subject, especially as It regards the com- 
parison between different classes of animals, particularly the 
carnivorous and herbivorous, is far from being exhausted; 
yet the above results show the great importance of the 
action of the interposed membrane, the dependence of its 
action upon its physiological condition, and the intimate 
connexion between endosmosis and the functions of organic 
matters. The esosmosis of albumen, gum, and sugar, ' 
most active from the inner to the outer siirface of skins, 
the direction in which the copious secretions of mucus pass 
through the skins of eels, frogs, &o. ; the endosmose of J 
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^ matters. The esosmosis of albumen, gum, and sugar, is j 

most active from the inner to the outer siirface of skins, j 

the direction in which the copious secretions of mucus pass J 

^^- through the skins of eels, frogs, &o. ; the endosmose of M 
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witir is I)ut slight in the contrary direction; ns these 
uiiimdn iibsorb but little water tljroiiyh their skins. jUcohoI 
i« the only fluid wliicli acta in a contrary manner: hating 
no analogy with any animal fluid ha action cannot bear 
upon & quGNtion of physiology. The currents through tho 
mucouN ooats of etomachs not being so uniform as through 
sltins accords vdth the fact that in difTerent animak, e.g. 
ruminant and carnivorous, the functions of digestion and 
absorption of nourishment are very much diversified. Micro- 
scopic observers have ascertained that, at a certain period 
of the formation of all vegetable and animal tissues, and of 
fluids generated by changes inliring organized matter, they 
contain microscopic corpuscules cailed "cellular or ele- 
mentary." These corpuscules are of a spherical form, and 
composed of a very tliin m(nnbrano inclosmg a liquid, and 
having on their inner side n sitiall organized body called 
" cytoblast, or nucleus." The corpuscules originate in a 
liquid called " cytoblastema," and end in being compressed 
together, the cytoblaatema or iotcrcellular liquid becoming 
denser and always being the medium of union. The life of 
.thcBO cells forms llie most essential requisite to the preaer- 
Tation and growth of living tissuea: and as they contain 
one fluid and are surroimdud by another, it is highly pro- 
bable that cndoamose ia constantly taking place through 
the membranoua coat. Thus, tho ovules are nouiished in 
the ovaries of mammiferous animals ; and thus, the sacs 
containing the germs of cephalopodous moUusca open when 
they come in contact with water. Certain purgative sub- 
Btancea cauaing an increased quantity of albumen to be 
evacuated, it was conjectured that their action might be by 
Dftusing endosmosis; and it has been accordingly ascer- 
tained that solutions of sulphate of soda and of chloride of 
sodium and peidlitz water produce endosmose of serum 
through animal tissues. The opinion has been further sus- 
tiuned by the observations that endosmosc is much mo^^ 
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^pid when one of the fluids is in constant motion ; and that 
fcydrochlorate of morphia added to those saline solutions 
iniahea the eudosmose of serum, and finally reverses the 
nirrent. Ileuee it has been asked : " How can this fact be 
mtirely overlooked in explaining the action of morphine 
tad preparations of opium as remedies for diarrhcea, and 
B constipation which they produce ?" 

a considerable portion of a large vein be fixed by one 

ctremity to a tube communicating with the bottom of a 

l^lasft-jar filled with water and by the other to a closed stop- 

»ck ; and if a part of the vein be immersed in water aoi- 

lated Avith hydrochloric or sulphuric acid ; afler some time 



Fig. 29. 




^e acid will be detected in the jar: if instead of waiting, 

f^Ae water be allowed to flow through the vein, the acid 

I be detected therein some time before it can be in the 

■jar. If the experiment be modified by placing the atadu- 

tted water in the jar and vein, and water colored with 

hotaro of litmus in the other vessel, this water and the 

fdd will both be found to pass through the coat of the 

I with a rapidity proportional to that of the cmt^^^ 
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from tlic jar through the calibre of the vein. The same 
n.'sulu are obtained if an artery or a tube of clay, |>aste- 
boai'd or wood be substituted for the vein. Frielion on llic 
skill and the peristaltic autiou of the intestines facilitate 
alisoiiJlion of substances applied to them, hy expediting 
tlie movement of the liquids in their vessels. Exhalation 
is efFoctt'd by a similar mechanism and is governed by the 
aaiue laws. If a liiiiiid be capable of beiijg imbibed by the 
vessel containing it, a quantity proportional to the facility 
with whiuh it is imbibed U oonstanlly exhaled. The more 
humid the vessel ia externally, the more rapidly does the 
iutumal liquid eecnpc. Cutaneous transpiration is more 
rapid as the air is drier, being in some cases ten times greater 
than in others : and like eiiople imbibition it is facihtated 
by elevation of temperature, it is doubled in passing from 
thirty-two to sixty'^ix ; it is also increased by agitntion of 
the air surrounding the animal. When the arteries and 
veins are injected with a solution of gelatine in which iine 
vcnnilion iwwdcr ia diffused, for the preparation of anato- 
mical specimens, tiie solution possmg through the coat be- 
comes colorless. So in living animals the fluids imbibed 
on one side and exhaled on the other by a membrane are 
not identicat. Thus though there is much obscurity about 
the nature of secretion, there is not an entire want of fono- 
dation for the opinion of the ancients, that glands were 
mere filtering machines. The cause of the ascent of sap 
is yet unknown, though it ia intimately connected with a 
process very similar to, if not identical with endosmose, 
taking place in roots ; in hke maimer the proper juice de- 
scends from the leaves. A IVnit, such as a peach, just en- 
larging contains a fluid denser than the sap, by endosmose 
the sap is attracted into the fruit which becomes more 
bulky and juicy, the more watery part being exhaled into 
the atmosphere, the more solid parts of the sap become 
changed into pulp. In the passage of gases through porous 
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sabstances like membranea a degree of endosmosis proba- 
"bly occurs ; a bladder filled with water slightly charged 
■with carbonic acid being introdaced under a bell glass full 
of hydrogen, oxygen or nitrogen, a pait of llie carbonic 
acid will leave the water and ite place be supplied by the 
outer gas. Air having been removed from the lungs of a. 
larob by suction, its place partially supplied by oxygen gaa 
and the larynx closed, they being introduced into a I'eceiver 
&11 of carboBic acid over water, become in a few seconds 

s much distended as the receiver will permit : and both 
gases wei-e found to have penetrated the lungs, but a much 
greater quantity of carbonic acid than of oxygen, A 
lung being filled with carbonic acid and introduced into 
oxygen contracts, and the gases mix ; but the oxygen enter- 
ing is less than the escaping carbonic acid. A Roap bubble 
foil of hydrogen or air floating on carbonic acid gas expands 
and sinlts, being penetrated by both gases, but by more of 
the acid than of the other gas. These differences are attri- 
buted to water absorbing more carbonic acid than hydrogen 

r oxygen. Frogs having their lungs emptied by pi'essing 
on their chests and abdomens and being then plunged some 
into hydrogen and others into nitrogen, these gases were 
absorbed, and into the nitrogen gag carbonic acid was evolved 
while into the hydrogen both nitrogen and carbonic acid 
were given off. In fishes there is an exchange of oxygen 
and carbonic acid between the water and blood through 
the gills : and the same exchange takes place through the 
lungs in breathing animals between their blood and the 
atmosphere. 



40. Respecting the nature of the osmotic force, the cause of 
these phenomena, different conjectures have been advanced. 



i 
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. By some it has been thonglit to bo electrical. 

II. Milch hfts been referred to the cheiaical reactioiffi of 
the two liquids : but the advocates of this opinioD being 
inolincd to the electrical view make no attempt at explana- 
tion of the action of the septum. 

III. Exiieriineut has led others to the concluaon that 
one surfat^e of the se|itani ia acid and the other basic, this 
state being connected with a progresavo decomposition of 
its substance ; and that an alteration thereof is a conditioo 
indispensable for manifestations of the oamotic force. 

IV. The action has been supposed to commence in capil- 
larity and to be completed by the mutual alterations 
of the liquids, the attraction of the solid for the tiqoid 
only effecting the occupation of the numerous small cbaii~ 
neU by one liquid in preference to the other and the con- 
tinuance of the liquid threads: the action jhen being only 
between the liquid A actually absorbed and the h(][nid B 
attracting it with a force superior to that exercised between 
its own molecules, the motion may take place as well in one 
direction as in the other; as soon as the porea of the sep- 
tum are charged with the liquid A and its passage towards 
B being considered iu consequence of its less bnlk, more 
rapid than that of B towards A, it follows that if the sep- 
tum he charged with B the movement will be in the con- 
trary direclion. To this theory it has been objected that 
the elevation of liquids in capillary tubes is very sUght in 
compamon with the height of columns supported by en- 
dosmose. The objectors, however, appear to have over- 
looked the circumstance that the heights of the liquids in 
ordinary capillary tubes depend on the nature of the hquid 
and not that of the tubes, as ia the case of endosmose, and 
that in the latter case an essential condition ia a fineness of 
pores unattainable in ordinary capillary tubes. There is, 
huwever, a serious defect in the theory; viz. that the election 
made by the solid between the liquids is left out of view. 
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V. It ia thought tliat osmose, instead of bciog caused by 
any peculiar furce, ia the effect of affinity, in the widest 
Beuseof the term including capUlaiity; and timt it is errone- 
ous to attribute osmotic force to chemical decomposition of 
the membnme or to suppose the acid always to flow towards 
tho base ; indeed oxalic acid, which produces the greatest 
effects, is asserted to bb a conservative agent ; and with on 
alcoholic solution of alkali and a very dilute aqueous sola- 
tioQ of acid the base is canied through animal membranes 
and poroua clay impregnated with castor oil towards the 
I acid. . 

I Porona clay, though possessed of very minute pores, is iq 
I osmotic faculty inferior to liquids which are among the 
I most excellent osmotic agents. Two liquids of different 
I densities being placed in a test tube and separated by an- 
I other liquid of intermediate density and capable of dJs- 
golving an appreciable quantity of only one of the other 
liquids, this one will pass through the intermediate into the 
other, e. g. chloroform being covered with water, and this by 
[ ttbcr, the last will gradually pass to the chloroform till all 
I disappears. The cxpei'iment may be modified so as to bring 
\ into action increase of pressure, which is ordinarily present 
I in osmotic experiments : to effect this the intermediate layer 
[ Tnust be fixed, this is accomplished by saturating a porous 
I vessel with the intended liquid septum, when the apparatus 
I is arranged with the liquid which more readily mixes with 
I the intermediate placed in the outer vessel : the action is 
[ clearly indicated by the rise of the column in the tube. A 
I porous vessel impregnated with castor oil and filled with 
I water being placed in alcohol this will pass to the water ; 
I vhereas in the absence of the oil the principal movement 
K will be of the water towards the alcohol. 
I 41. Chemical Affinity. — ^This term is employed to deaig- 
I nate that form of attraction which causes particles of differ- 
ft ent natiu'ea to unite and produce compounds possessed of 
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properties different from those of either of its ingredients, | 
- Tills force was thus figuratively named fiom the idea of 
attai:hnicut or arerdon existing between particles. It is 
also called '^chemical attraction" and "attraction of coin- 
poaiUon," because it is the cause of the formation of com- 
pound bodies. By simple or elementary bodies chemists 
mean such as have never been separated into more than 
one possessed of difFerciit properties. Many which are 
now known to be compounds were long thought to be 
»mplu ; and there are reasons for supposing some which 
are regarded as simple to be compound ; yet, having never 
been analysed, they must for the present be classed with 
the elemcuts. Of the four supposed elements of the ancients 
(fire, air, earth, and water), the last three are now known 
to be compounds, and the first does not esist. 

Analysis is the separation of a compound into its ele- 
ments. Synthesis is the union of two or more nmple 
bodies into a comjwund. Analysis and synthesis are 
mutual proofs each of the accuracy of the other. If water 
and olive oil, water and mercury, or mercury and oil, be 
mixed together, on allowing them to rest they will be found 
to separate unchanged in any of their properties ; they are, 
therefore, said to have no affinity for each other. But if 
oil be mixed with a solution of potash, they will unite and 
form a liquid soap. If sulphur and mercury be rubbed 
together, they will be changed into a black powder called 
" sulphuret of mercury." The oil is said to have an affinity 
for the solution of potash, and the sulphur for the mercury. 
In general simple bodies nnite with simple, and compound 
bodies with compounds; but in some inatances, especially 
in the products of organic actions, a compound is found to act 
the part of a simple body, in which case it is called a " coc 
pound radical." Chemical affinity is exerted only betwet 
the minutest particles of matter; here it is promoted by 
solution, mechanical division, trituration, or other mc 



d with bw, llKjr are deeoMiMMa, 
nmOj Tmiin^mAi il bf h« odor. 
OUoiidB of oleoBB and water ve It dM a 

43. 



odKr, Bofiea do aoC act oa cacA flAo- theiatcil^ 
s lluj- be ia appw^ cootaet, as wfl be Hkntnted by 



tion of nk of tartar, aod iatrodiice mder it, bj neans of 
a drof^NBg tabe, Mne ^a^xmha ^amlred in water, and 
ander tlw a portioo of ofl of ritriel ; by h> doing we have 
three layvn of flaid, ihit of m^Aate of soda BepaiaiiBif 
(he other two; but bj- atiniag thenn wkh a ^bv rod thcae 
two wiD be broi^t into contact, and act chomeillj, as 
wfll be indieatAd bj a nolent e&rrcao^Ke. Sa^ihitr and 
UM do not afect each other, bat if both be ia a 
Ijtate of fine powder, and thej be mbbed together ia a 
-, nlpharet of eof^ier (a new sabotance) is fbraud, 
I diacDgi^^efiunt at mncfa beat. Whatever pranotea 
> mppnmatatioa o( the particle* of bodies, at the aune 
, pranotee their nnioa : tbna, the wnon of sofids, as 
tij Aown, ia promoted by medianical Btcnrnxtan^ 
t of waiSda to liqaids or gaaes, and c^ S^tods to g^ea, 
by th«dr tvadency to adhere; of gues to gaaee bf thar 
property of diffaac^ ; and of iMfidda to liquids bj a somo- 
what nmilar property. Chemical aitrsctioo is exerted 
with very different degrees of force: tfana, phosphorus 
Tinitefl with oxygen at all ordinary temperatorea, and with 
great violence if the temperalitre be elerated ; wh3e eilTer 
cannot be direc-tly united with it at any lemperatare. Po- 
taenum combines with oxygen in whatever form it is pre- 
sented to it, and they cannot be separated except at very^ 
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IjIkU temperatures, or l>f means of great t 
wliilu chlorine aii<l oxygen cannot be a 
wlit>n 00 in lii II I'll (au they cui be in aevenl p 
Inilirect incoiia, the]' are retained by aa fedle mi attHtf as 
to bo leparatud by a. iilight elevation of tenqwrBtore, mb 
(rf tlu>Ir ooinpoiiiiilK lH;ing decomposed even by tke J ghim 
aft'tntion. Thu iiniitlket ()aaiit)ty of any two aod* neim- 
wiry to tbrm the uinpluBt compound with a fixed qaaatitf 
ul' any baau liavinf^ been ucertaincd, and tJie quantity of 
nny ittlier boau nenessary to form ttuch s oompomd witk 
ullbur 'if thu liciilH bt-ing then detenuined, tJbe same qnas- 
tily i>f iliiii iiucoDil buMC will be necessary to unite ta the 
Naiuit way with the other acid, e.ff. 40 parts by weight of 
auliihurin lunrl unite with 4B of potash, and 71 of phoapho- 
rie add iinito to the sumo manner with the same qoaotityof 
piiliutli. The quantity of water present is leA out of view. 
Ql jinrtM of lujdu unite with 40 of Bulphuric add aoJ with 
TU itf phunphoriu acid ; 48 of potash is therefore said to be 
uipiivjilcnt to 31 of Hoda, and 40 of sulphuric acid to 72 of 
ptiuHphoric aulil ; or mure generally, the numbers are called 
thu uqiilvnlcntii of the aubstances to which thi^y are re- 
■piietJvely attaohud, The equivalent of a compound u al- 
wnya the sum of thoiie of its elements. By the old che- 
tiiUts Dolution was conxidered an in^tanoe of chemical ac- 
tion ; but it is rather one of adhcxion, a subject which, unljl 
recently, liai received very little attention. Chemical action 
iliffl'rs from Nulutlon, in that it occurs with more force aa 
the properties of the bodies are more opposed : thus, aciils 
unite more rea<1ily with oxides and alkalies ; and in chemi- 
cul compounds the constituents are always united in defi- 
nite proportions. 

43. Chemical combination is attended by a change in the 
properties of tlio substances uniting ; some of the proper- 
ties of one or both of the ingredients are lost, and others 
entirely new appear in the compound formed. Sulphuric 
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■del is a canstic, oily fluid, and reddens vegetable bine 
colors ; and jiolasli a white amoiplious, caustic solid, and 
^getable blue colors to green ; by their anion is 
med the common vitriolated taitar, which is destitute of 
Kosticity, and has no effect on vegetable colors, but has a 
:nlar cryatalliiie figure. The older chemists believed that 
ihe properties of compounds were the intermediates of 
lioae of their ingredients, but such examples as this, of 
Irbich many might be adduced, show this to be a mistake. 
¥e can form no opinion of what will be the properties of 
, compoand by knowing the nature of its component 
mrts. When opposite properties disappear the combining 
todies are sdd to neutralize each other, and the exact point 
t wbich this takes place is called the point of neutratizo- 
A ^ange of temperature usually attends chemical 
n ; sometimes it is elevated, as in ordinary fires and 
fcmientation. The mixture of water with oil of \-itriol is 
Bttendc-d by a considerable increase of heat. Sometimes 
there ia a production of cold, e.g. powdered crystallized 
chloride of calcium and snow produce cold enough to freeze 
mercury. Chemical action is also sometimes attended by a 
change of color. If a portion of mercury (a silvery-colored 
agitated in contact with air, it is changed to a 
k powder ; if heated with access of air it is changed to 
i powder, owing to its combining with one of the con- 
Menta of the atmosphere. Mercury, by combining with 
a bluish black crystalline matter, forms iodide of 
', crystals of a scarlet color. If an inliision of oak 
: be added to a transparent liquid cont:uning iron, a 
nek color Avill be produced. A change of form or density 
intly eflected by chemical action. A liquid or gas 
I BOmetimes produced by the reciprocal action of two 
eJids ; a solid or gas by that of two li<]uids, and a solid or 
[quid by that of two gases. Tlie solid amalgam of lead 
taid that of bismuth by combining form a liquid. If quick- 
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lime bp licdtof] in contact with chloride of unmoniani'S 
Id cvdIvwI, Plio^phorus ami sulphur heated together iq 
ccrttun proportions unite and Ibrni a liquid. Sulphuric acid 
mixvil with ono-uxth or one-fifth its wdght of aloohol, and 
heated, yields olefiant, carbonic acid, and sulphurous lund 
gases, and vapor of ether. Oxygen and hydrogen gnses 
exploded together produce water. Eiiehlorine gaa and 
twiue Ita weight of hydrogen gaa, detonated together, be- 
coiTib liquid hydrouliloric acid. Ammoniacal and hydro- 
oUluriu iiuid gnses, tmmedtatcly upon coming into contact, 
unite and form a Bolid chloride of ammonium. Two vo- 
luiueH of binoxido of nitrogen and one of oxygen unite and 
are (condensed into on^ of hyponitric acid. Ammonia bas, 
by aiialyiis, been found to be composed of one volume of 
nitrogen and three of hydrogen condensed into two volumes. 
If one Hubatance be brought into contact with two others 
for which it h.is unequal affinities, it wiU unite with the one 
for which its affinity is the greater to the exclusion of the 
olber ; the first substance has been considered as making a 
wjloution between the other two ; and it is therefore »ud to 
exercirto an elective affinity or attraction; thus nitric acid 
will unite with lime in preference to magnesia : and water 
Bttrncts alcohol more strongly tban it does chloride of mag- 
nesium. If a substance in combination with another be 
brought into contact with a third for which it has a greater 
affinity than it has for the one with whioh it is combined, 
it will leave it and combine with the third. If to the 
ooinbinatioti of olive oil and solution of potash mentioned 
above, be added a portion of sulphuric acid, it will unite 
with the potash and the oil will be separated. This affords 
an example of what is called " simple decomposition ; " it 
is owing to the potash having a greater affinity for the sul- 
phuric acid than it has for the olive oil. Iodine decom- 
poses Bulphm'ated hydrogen forming hydriodic acid and dis- 
: sulphur : bromine in a like manner takes bj^^^_ 



A TTH ACTIOS. 



S3 



1 from hydriodic acid and forms hjdiobromic acid ; and 
■fBhloriue liberates bromine from hydrogen and forms bydro- 
BjflttloTic add. The order of .affinity of those elements for 
' hydrogen appears to be chlorine, bromine, iodbe, sulphur. 
Tlie order of precipitation of nietala by others from the 
solutions of their salt, was supposed to indicate the strength 
of their affinities for oxygen and the particular acid : e.g. 
mercury decomposes nitrate of silver precipitating the sil- 
ver ; in like manner copper precipitating mercury and silver 
from their nitrates, and zinc predpitating all of them, it 
has been inferred that zinc has a stronger affinity for oxy- 
gen and nitric acid than either of the other metals, copper 
a stronger affinity than mercury or silver, and mercnry 
than silver. Bodies have been an'anged in tables express- 
ing the order of their decomposition, which are called. 
" tables of elective affinity." 



SuljiUi 



Slrontin, 
Potafih, 
Soda, 



^ Acid, 



The affinities of bases for an add are expressed by draw- 
ing a line under the name of the acid and writing under it 
the name of the base whose affinity for the acid is the 
BtroDgeat, and under it that of the one having the next 
Strongest affinity, ifcc. ITiua, according to the accompany- 
; table, magnesia will take sulpbui-ic acid from ammonia, 
d lime will take it from both ammonia and magnesia, £c. 
■ SRiese, if correctly constructed, express accurately the order 
llflC decomposition in one set of circumstances; but do not 
KiiEpress the independent force of affinity, this being very 
■4ttuch moditicd by contingencies. 
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44. Tlie caiist'8 modifying the action of affinity -a 
follod- : 

L Alteration of Temperature. — Mercury, if long es- 
poaetl to the air at a high temperature, hecomes changed 
into bright red crystals by combining with oxygen, a part 
of the air; if the temperature be raised Btill higher the 
raeruiiry and oxygen separate. It is Bupposed that this may, 
in part, be owing to the mercury tending to assume the state 
of va])or. But this cannot be the reason, because oxygen 
exists ns a gas when free, oven at ordinary temperaturca. 

45. II, Cohesion. — \ATien in fuU action this force inter- 
feres vrith chemical affinity, e.g. if carbonate of lime in 
the form of a lump of marble be thrown into sultiliuric 
acid, the reaction is veiy slight, but if it be reduced to fine 
powder, and then added to the acid, there will be a rapid 1 
evolution of carbonic acid gas. Two solid bodies rarely 
react. A mass of lead becomes speedily tarnished by ex- 
posare to air ; but the crust of oxide formed protecting 
the inner part, and the conducting power of the mass pre- 
venting the elevation of temperature from the oxidation of 
the surface, the proceaa stops, only the aurfece being co- 
vered by a thin layer of oxide ; but if lead be reduced to a 
powder and agitated with water containing the oaual 
amount of air, it is speedily converted into a white oxide , 

in the state of extreme division^ to which it ia brought by 
calcining the tartrate in a glass tube, it takea fire, even in 
cold lur combining with the oxygen of the air. Iron in mass 
scarcely rusts in dry air ; but by reducing the sesquioxide 
of iron by means of hydrogen gas, at a low rod heat, the 
iron ia brought to the state of an extremely fine powder; this, 
upon coming into contact with the atmosphere at ordinary 
temperatm'es, immediately takea fire. In snch cases too 
great a surface is acted upon at once to allow the calo- 
ric evolved to be conducted aivay before the metal is 
'. Cohesion scarcely existing in liquids the action be- 
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'tveen two bodies is greatly facilitated by one or both being 
in a liquid state. Insolubility is very much owing to the 
prevalence of coliesion, and accordingly interferes witb 
affinity. A large proportion of chemical reactions occur 
between bodies in solution and are affected by the relations 
of them imd their prodiiet to the solvent; carbonate of 
potash dissolved in water is decomposed by acetic add, tlie 
acetate being soluble in water; it is also soluble in alcohol, 
vbile carbonate of potasb Ls not soluble thei-cin ; if, there- 
fore, a stream of carbonic acid gaa be passed into a solution 
of acetate of potash in alcohol the carbonate of potash is 
formed and immediately precipitated. 

46, III. Ektstkity. — If the affinity between two gases be 
great they will, from their property of diffusion, react wilh- 
ont interruption, until one or both is entirely neutralized. 
If hydrochloric acid and ammonincal gases be admitted 
into a vessel containing atmospheric air their combination 
proceeds, forming chloride of ammonium, until the whole 
of that which may be the smaller in quantity has united 
with an equal bulk of the other. The volatility of a body 
■facilitates its disengagement from another more iixed, e.g. 
the commercial " carbonate of ammonia" is not uniform in 
oompoeition, but, when fresh, approaches two equivalents 
of oxide of ammonium and three of carbonic acid ; being 
exposed to the air it evolves ammonia and becomes bi-earbo- 
nate of ammonia. By agreat heat sulphuric acid ia driven off 
from oxide of iron which is fixed. Whatever retards vola- 
tiUmtion, e.g. pressure, will prevent the decomposition in 
nch cases. On the contrary, it is promoted by any cause 
Vhich will expedite the escape of the volatile matter, e.g. 
•& atmosphere of a different nature. An aqueous atmo- 
sphere favors the escape of nitric acid ; accordingly nitrate 
of alumina and nitrate of iron lose a portion of their acid 
by the spontaneous evaporation of their solutions. Carbo- 
nate of lime may be heated to redness in a ci'ucible with 
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not absor'bed by anhydrous lime, bnt readily by its hydrate, ' 
the water being displaced by the acid. Phosphoric atad i 
forms three hydrates, contiiiuing one, two, and three equiva- 
lents of water. By subatitnting an equivalent of soda for ' 
one of water bLy different phosphates of soda may be formed 
from these three hydrates. 

49. VI. Disposing Affinity. — ^This name is applied to a 
eapposcd cause modifying the exercise of affinity in a large 
olass of remarkable actions, e.g. iron or zinc may be a long 
time in contact with water without undergoing any change ; 
but if snlpburic acid be added, hydrogen is speedily evolved 
and aolphatc of oxide of iron or sulphate of oxide of zinc is 
formed. The acid dissolves off the oxide as fast as it is 
formed; the water alone is decomposed. Why this decom- 
position proceeds more rapidly in the presence of the acid 
b not clear. It is generally said to be owing to the 
affinity of the acid for the oxide disposing the metal to 
net more promptly. Silver cannot at any temperature be 
directly united with oxygen ; yet if ignited, in a finely 
divided state, in contact with a silicic acid and an alkali, it 
combines with oxygen, and silicate of silver is formed. 
Platinum has less affinity than even silver for oxygen, yet 
nnder the disposing influence of potash it unites with it ; 
thus if platinum he heated in contact with hydrate of pot- 
ash, hydrogen ia evolved, and protoxide of platinum is 
formed, which, like an acid, combines with a portion of the | 
potash to form a s.-ilt. | 

60. Tn. Quantity of MaUer.— When two elements | 
can combine in different proportions they unite with the 
greatest force in that compound where the number of equi- 
valents is smallest; e.g. binoxide of hydrogen is with diffi- 
Otilty preserved, while water requires considerable force to 
decompose it. When a compound of two substances is 
decomposed by a third, the process is most rapid at first ; 
unless the one disengaged be removed immediately from i 
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the Mpbcre of action, its increased qoantitT' appesriog to 
CompBiiBnIo in part for its weaker afliniiv. It i^ tlierefbre, 
otleu nwiesaary U> add more of tbe third than is necessary 
to neutralisL' the one with which it is deigned to imit& 

61. VIII. Gravity. — Great difference in tl»e spenafic gra- 
vilSea of bodioH, tending to separate them, interferes with 
the Action of affinity : tbiis in cases of solution the lower 
porUon i* gi'ncriilly more nearly saturated than the upper, 
unlcKS th«y be iigitated : and anless the same precaution be 
tnkon, the upper pait of an alloy of metals having different 
Kpeoitic gravities will cotitain less of the heavier metal than 
tlio lower part. By removing the newly formed componDd 
out of the sphere of reaction, and thus aUowing the nearer 
approach of the oombining bodieB, gravitation may wd 
nffliiity. 

62, IX. Mechanical Action. — The influence of this cause 
is ovincod by fulminating powders being exploded by s 
blow, and jjhosphoruB inflamed by friction with chlorate of 
potasb or alone. Oxygen and hydrogen unite with explosion 
if Huddeiily and violently compressed. 

B3. X. Preience of a Solid. — The mere presence of a 
tK)!id will sometimes, without being itself changed, promote 
llio imion of two other bodies, one or both of them being 
gaseous, e.ff. oxygen and hydrogen gases may be mixed in a 
glass vessel at any temperature short of redness without 
combining ; but if a clear plate of platinum be introduced, 
even while the gases are cold, the portions of the gases in 
contact with it instantly unite : other portions then coming 
into contact with tlio metal enter into combination : the 
platinum becomes tiented even to redness, but is otherwise 

ichanged, when the mixture will be kindletl. Some other 
bodies, as metals, charcoal, and poimded glass, producing 

i same olfcet, favor the opinion that it depends on the 
ndjiesion of tic gas to the solid ; but tbe fact that only 
platinum anH a few siiuilir inctiils jiroduce this same effect 
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\3aout tbe aid of heat shows that the pintiiiam acts in 
r Bome other way. This conclusion h favoi'ed by the fact 
I that if any carbonic oxide be present, it will prevent the 
nnioD of the hydrogen and oxygen, until the whole of the 
carbonic oside has uuited with an additional equivalent of 
oxygen ; although when by itself it unites with oxygen 
much more slowly than hydrogen does, 

64, XI. Catalysis (fiooi xas-a, downwards, and Xuu, I 
mloose). Tliis tenu has been proposed as the name of a 
modification of chemical affinity, by which a body causes 
the resolution of others, with which it is in contact, into 
' compounds without itself undergoing change. The 
existence of such a force hati not been proved ; but it haa 
been inferred, and the aborc term is used as a convenient 
title under which to arrange a large number of facts not 
readHy accounted for. By boiling a solution of starch 
(C„ H„ O,,) in water with an acid, the starch is made to 
unite with an equivalent of water and become gum 
(C„H„0„) : by continuing the action, three more equiva- 
lents of water are united with it, and they are converted 
into grape sugar {C„H„0„),* the acid in neither case being 
altered. The same change is effected in the starch of ger- 
luiuadiig seeds by diastase, a substance existing in them in 
« small quantity, the gam and grape sugitr formed being 
dissolved constitute the sap. In like maimer in fermenta- 
'^on yeast converts sugar into carbonic acid (CO,), and 
iJcohoI (C, H, O.). Binoxide of hydrogen upon mere con- 
Ssct with various metals, e.ff. manganese, silver, gold, and 
datinum, metallic oxides, e.g. oxide of silver and oxide of 
[Did, or the organic matter, flbrine, evolves one-half of its 
9Xygen : with the exception of a few oxides these substances 
onot combine with the disengaged oxygen ; and some, e.ff. 

* These exprea^uns cleDota the compoeiCiou of three diiTcmot mntter^ 
! Indicating carboo, H. hjilrogen, and 0. oxjgun, and the Bgoras 4" J 
miber oTequivaJants. 
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oxide of goI<I and oxide of slvec, port with their own 
oxjrgen at the Kune time. Penal|Anrvt uf hrdrpgHi is in 
like nuuiner se|>arat«d into Biilphiirettt^d hydrogen aod 
Bolphnr by most of those bodies whii^ decatniicMe the bin- 
oxide of hydrogen. And ^Ktng; plslinnin. fiilrer, oxide of 
River, binoiide of nunganese, sod durcosl powder, acids 
and Dietallic salts, by mere contact decompose a aolotion of 
Bulplio-nitratc of ammonta forming sulphate of oxide of am- 
luoniura and protoxide of oitrogen. 

XH. Ligl>t, heat, elcctridtT, and magnetism. Each of 
theae influence chemical affinity ; but can be more pro- 
fitably discussed in treatises on the respective subjects. 

65. Double Elective Affinity and DouhU De^ompotition. 
— Two neutral salts may decompose each other; and in 
Bnch caees the resulting compounds are always nentral, a 
consequence of the law of equivalents, e-g. solutions of 
nitrate of baryta and sulphate of potash being mixed, both 
aalts arc dccompuseit, and the neutral salts, enlphate of 
baryta and nitrate of potash, are formed: 54 parts of nitrio 
acid, which neutralized TT of baryta after decomposition, 
neutralize 48 of potash ; and the 40 sulphuric acid which 
have neutralized 48 of potash, now neutralize 77 of baryta. 
Such decompositions are sometimes represented by a dia- 
gram ; thus the decomposition of carbonate of ammonia by 
bydrochlorate of hme is exhibited. 



Caibonlc ncid, S^ Ammonia, 
Hjdrochlorie acid, /\ Lime. 



r eai^^^l 



Kow each of the acids having an affinity for ( 
the bases, it has been supposed that the decompositions 

depended uj)ou the affinities caning the decomjiositions 
flui-pasang those tending to presei-ve the original com- 
pounds : the foimer have been called " diveUent affinities," 
and the latter "quiescent." In the above example the 
f carbonic acid for ammonia, and that of Iiydro- 
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cUorie aad fer &&*:. ar*^ Tmsesi!: : xzii t^ii^e ^ ^saibcmc 
mad Har fisK^ sa»i xj2r:*=jj:r5t^ it^f-i 5:r i,T!TiiTTnk are «& 
TeDent. la ^■s* ^ases. tie?* T-imr tw~: «l^ 2i£%:^ziES*zixdy 
and, as is "WBr*- twz» scccftztss re tsae zaiie ^y ^ie siai^ 
the name — doMut *irf»?CT-* lITh "v. » J' :r - MdziKX adfciirr."*' 
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has been apoiie*! ri- t^ -sEsefi. izii -'iio^ie 'iet^onipo- 
fiition^ to tie €ie«t- H tii£» r«a»^n:a "ier* 5s a 'icoble 
sabedtatkn. .Asiifingx lacy rer^rr tsoZIj terweiai rvo 
binaiy cotapf./Bui2i :r tt-:- «=rt**: 'a."':*, 'iej are bj no 
means iimim ni t.^ 'lien- in::: «i:^=ie±=«t* :<*r:r azmr'ii^ more 
oomplicaBted t^-Ssft- <-^- >:*i.Vit a2:$: iri'i ihja Tnfm of 
bodies is tk«§ ^&iK<«L "^^ti: cc W: r:; s*:- cc^'rr w^. f .y. 
sulphate af^f^ a&i ^tlziar^ :^ x=:^ if feiiiLTei rc-s-ttter:. 
win ahrmjs cfystaZzat ic«En: ^*=i if scrx:^ §»:'"~rr7ons -tiT 
bisnlphate of fiiC«i& aari silxeace c-f zz=if l<e =fx.r-i. a 'i^nbte 
8al{^iate of »:«da and astt x f:?=:f£d a&i crjfrjiZrzes: tlie 
reaction mar be das i<Epr^:«!£:«»:»i — 
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oxide of sac «ii 1 ^£- . ■ ^' k^^c^^k '^kca. 



the 1 eg. of waipLmc acad being ]«& in so^ctisQ. A ^:«. 
ble Bol^thate of foda azid Hm/e can be £>nD»«i cgIj rz a 
mmilmr waj, Tiz. br sdxing urAvtwns of solpikste of sc*ia 
and acetate <£laiD0t; iht f^aJphate of lime forsj^d is p-rEGr«. 
tsted and carries with it sdfibaU; of §odx. 

56. Compiex Aginity^ ISkh mu^ idtaXj^ i§ moiE&d b^- 
drcomstanoeay e.^. if the above deeompostka cf 
of ammonia br fajdrodblorate of fime was owing 
to the fltrei^;tb of aifiixitiec, the carbonate of Hzne 
never be deeompo^ br hy4rfM:h]or^e of aanTi»oEci: t« 
if thej be mixed together a/id heaUpd iLer are d&Mc:^ao«d, 
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\ the cnrboiiuti' of amiDonta ia formed and volstUbied, leaving 
I oUnride of calciom, the volatility of the carbonate of anuoo- 
voriiig the decomposition. It is also modified by the 
loluliility of one ofthe compounds capable of b«itig formed, 
k is a liiw without a known eiception, that if an insoluble 
lonipotitid can be formed, decomposition will follow the 
itnixiiig soltitiona of two salts. The decompo^tion of car- 
bonate of soda bj* nitrate of lime reanltB entirely &om the 
insolubility of carbonate of lime. The affinities are so nearly 
balanced iii cases of double decomposition that no great 
evolution of heat attends them. Precipitation does not 
invariably attend double decomposition ; but such a result 
may bo made apparent by a mere change of color. Sul- 
phuric add is disengaged from sulphate of copper by 
hydrochloric acid, and chlorine ia dbengaged from chloride 
of su<tiiim by sulphuric acid. Upon mixing solutions uf 
BulphiLte of copper and chloride of sodium, the blue color 
of the former ia changed to green, denoting that the above 
eubstilution of ingredient has taken place. At an early 
ponod in the history of modern chemistry reflection upon 
the phenomena of double decom]>osition led to the conclu- 
rion that they are not owing to the difference in the forces 

I of affinities, but depend entirely upon the attending cir- 
flninstanees ; that if two acids are presented at the same 
time to one base, they unite with it in quantities propor- 
tional to theii' quantities ; and that one comes into possea- 
rfon of the whole base only by reason of these modifying 
■ oauBOS, e.g. upon mixing eight equivalents of nitrate of 
.potash with eight of sulphuric acid, the salt ia but partially 
decomposed, and the products are, 4 sulphate of potash, 
■ 4 nitrate of (Jotasb, 4 sulphuric acid, and 4 nitric acid. If 
now the 4 nitric acid be by any means, e.ff. by heat, removed 
from the mixture, there is a further decomposition, the 
result being 6 sulphate of potash, 2 nitrate of potash, 2 sul- 
phuric acid, and 2 nitric acid. The continued application 
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of the heat volatilizes the nitric acid as it becomes free, and 
the sulphuric acid is finally present la so great quantity as 
to take all the potash to itself. So, according to these 
"views, in decompositions attended by precipitation, this 
precipitation lends to the total decomposition. By adding 
"baryta to sulphate of soda, the acid is divided between the 
liases in proportion to their quantities ; but the sulphate of 
"barjrta is precipitated, and any additional baryta acts upon 
the sulphate of soda, and so on until the whole of the sul- 
phnric aeid is separated from the baryta. It has been con- 
tested that this opinion ia inconsistent with certain facts. 
1. A solution of bibarate of soda is decomposed by siUphurio 
acid withont any precipitation, which is proved by the 
different shade of redness oommnnicated to litmus paper 
by the sohition after the addition of the acid, and by sul- 
phuric acid itself. 2. The tastes of fictitious mineral waters 
depend not only on the nature of the salts in them, hnt also 
on the order in which they are added. The more general 
opinion now is that in these waters the stronger adds are 
combined with the sti-ouger bases. Recent researches, 
howei'er, on a very extensive scale, rather favor the opinion 
that decompositions depend not upon the strength of afiini- 
ties, but upon the attendant circumstances. 



EEPinsioN. 

67, Repulsion is the influence exerted by one body upon 
I another, increasing the distance between them. Caloric is 
' a frequent cause of this action. Electricity and magnetism 
likewise often produce this effect, e.g. two bodies free to 
move, and excited by the same kind of electricity, repel 
each other ; and the north poles of two magnets repel each 
other, as do two south poles. It has been also supposed 
that all matter ia endowed with this property, needing only 
_ &rorable cu-cumstances to admit its exhibition ; that a film 
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of I'opulsion covers the surface of all bodies, and prevents 
tlieir ubsolute contact, even wben apparently touching, 
thus jireventing the coherence of all bodies, whioh would 
interfere with all common operations of nature. The terms 
repulsion and repulavo force have been applied to the anp- 
posed power, causing this efiect. The existence of suoh a 
force is a question, the absolute settlement of which is at- 
tended by great difficulties; yet it seems very donbtfiil 
whether there be any other film of repulsion than the ca,- 
lorific and luminiferons ether pervading all space. Some 
very important effects are attributed to repulsion, e.g. mo- 
tion is said to be accelerated, retarded, or curved by repul- 
sion. Motion accelerated by repulsion is s^d to be exem- 
plified by the ball propelled by the eiplosion of gunpowder, 
which, in pasung from the breech to the muzzle of a gun 
five or six feet long, acquires sufficient velocity to resist the 
action of gravitation during an ascent of a mile or more. 
That an ivory ball falling against a slab of marble does not 
stop at the moment of contact, is evident from this fact : if 
the Buriace U|>on which it falls be wet, a considerable space 
on both around the point of contact will be dry ; the same 
effect following in vacuo shows that it is independent of the 
air passing out between the two surfaces, but is produced 
by the particles being compressed ; while this compression 
progresses, the onward motion of the hall is retarded, and 
finally overcome so as to be reversed. Motion is curved by 
repul»on, it is edd, in the following manner : if a ball of 
ivory fall upon a marble slab in an oblique dii-ection, its mo- 
tion is overcome and reversed, as already staled. The 
obliqne direction is resultant of two forces: the propelling 
power which gives an onward motion, and gravitation which 
gives a downward direction ; this last being overcome by 
the marble. The repul.siun between the ball and marble 
imparts to the ball an upward motion, but its onward mo- 
aot being afflicted by the marble, the ball passes in the 
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direction resultjtTit of the upward and onward, i.e. in a di- 
rection in the same angle with, but on tho other side of, a 
line perpendiuular to the slab as that in which it descended. 
Without insisting upon the opinion that these effects may 
be the result of other causes than repulsion as an indepen- 
dent property of matter, we proceed to consider some phe- 
nomena which are adduced as proofs of an original repul- 
sion; some of which are as proliably the eifcct of other 
causes; and others manifoHtly di'peud upon other general 
properties of matter, A glass ball or watch glass being 
placed with its convex surface upon a plane surface of glass, 
they cannot be brought into absolute contact even by a 
pressure of 1,000 lbs. to the square inch ; but this, instead 
of being an evidence of repulsion, being a general property 
of matter, may as likely result from the supenor energy of 
cohesion in the different bodies. The same is, doubtless, 
the cause of the impossibility of reuniting broken glass, 
stone, or porcel;iin, by simply pressing the"parts together 
in their former relative positions as far as possible, which 
has been adduced as a proof of repulsion, A body moving 
against a spring, or a quantity of confined air, is retarded, 
not by repulsion as a piimary quality of the spring or air, 
but by their elastieitiew. In esperimenta in capillarity if 
liquids not capable of adhering to the solid be used, e.g. 
mercury and glass, the surface is depressed, being, it is said, 
repelled ; but this may be owing to the 
particles of the liquid having a greater 
attraction for each other than for the 

I solid, together with the contractible 

I force at the surface being exerted under 

I Qfctnnstauces calculated to render the 
J convex. If the glass be tubular, 
i all air be expelled from it by boiling 
J mercury in it, the depression will be 

hpet>ter as the size of the tube is less. 
5* 
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cal anil contain a liiuiteil quantity of mercuiy, bolh extre- 
inilie!) of thu liquid will be convex, and t!ie ten.ijon of tlmt 
towards ibt- nairower [lart of tLu tube bi'ing greater than 
the other, the mass will move towards the larger part of 
thfi tube. Sutjh iacta have been considered as proving the 
existence of repuldon 
as a jiriinary general 
property of matter; 
and tlie advocates of (his opinion assert that glass always 
repels and never attracts mercury, but very minute parti- 
des of mei'cury do adhei-e slightly to glass ; and that glass 
attracts mercury appears from an observation made in 
1673, and repeatedly confirmed, viz. a barometer tube 
being thoroughly cleansed by alcohol, filled with mercury, 
and freed of air, upon carefully turning it and immersing 
its open end in mercury, the whole column will i-omaiu 
suspended, and require several slight taps to bring it to 
the existing barometrical level. If two balla, one of whiob 
■'"'''■ **■ can be moistened by water, and 

^yf''\^._^_ C~\ fi^ other cannot, e.g. balls of 

Vy %„J^ cork and was, be brought with- 

in capillary distance upon a surface of water, the former 
will elevate water upon ita side, the more distant surfaoe 
of the elevated water being inclined, and the other ball not 
adhering, an apparent repulsion takes place. 



58. Polarity is that property of matter which causes 
bodies to assume certain positions, and in most cases to 
exhibit peculiar properties at certain points called " poles," 
It is thought that in all eases of polarization opposite kinds 
of polarity are excited ; and the visible phenomena result 
from this double excitement. Loadstone atti-acts ii-on at 
certain points on- its surface called idles. These i 



Tubbed on steel impart to it the Kamo property, wliicb is 
greater near the extremities. If this steel be then sus- 
jended bo as to be free to move, the extremities will point 
one uniformly nearly north, and the otber equally south : 
' these extremities are therefore called " poles ;" which term 
[ lias hence come to be more extensively used. The whole 
piece of stee! is called a " magnet." Similar poles repel and 
dissimilar attract each other. If a magnet be broken into 
several pieces, each will be found to be a mngnet. The 
whole mngnet is therefore considered as made up of a num- 
ber of smaller magnets : the middle of the mass of steel 
does not attract iron because the opposite kind of poles 
there to some extent neutralize each other. 

69, Bodies electrically excited exhibit analogous pheno- 
mena; similarly electrified bodies repelling, and dissimilarly 
electrified attracting each other. Bodies near to, hut not 
in contact with, an electrified body have their parts nearest 
it brought to an opposite slate of electricity, and the further 
sides to the same state with the electrified one. In the 
voltaic pile there appears to be a current of action from the 
metal most acted on to the other, through the intei-vcning 
material, and by the conductor back to the fonner. The 
two extremities of tlie pile, or of conductors connected with 
them, are called its " poles," as it is at them that the action 
becomes apparent. 

60. Perfectly formed erj-stals exhibit a regularity of 
m, whidi is not confined to their exterior ; but is found 
pervade their whole structure; showing that inthefor- 
Lon of the crystals their particles did not approach each 
r indiscrinuiiately, but were influenced by a force which 
I them to take certain positions in preference to 
A quantity of water may hold finely divided solid 
in a state of suspension and matter in solution, this 
laving entirely lost its solid form : if the vessel be kept 
fectly still the former will in time be depoated uniformly 
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on the whole bottom, perhaps ui layers 'f the particles differ 
iu wuight ; tito latter will also be deported, but more slowly 
Bilil difieriuitly from Iho former; it will be accumulated 
regularly about certwil pointa which exert a controlling in- 
fluence over the particlea, causiag thorn to unite by certain 
faces in preference to others, upon lioea bearing ceil^n 
relations to these pointy the result being the fonnation of 
regular geometrical figures, called crystals. The points 
refurreil to have been compared to the poles of a magnet ; 
and there are strong reasons for supposing that the whole 
ftcUon 13 connected with the magnetism of the earth. 

61. Chemical affinity is eoik^dercdby inany as depending 
on a kind of polarity of the molecules, as may be illustrated 
by an example. Zinc and hydrochloric add are considered 
fis polarjjiablc, bat their polarities are manifested only when 
they are brought in contact. One atom of hydrochloric add 
may be considered as a polarizable molecule, and two atoms 
of zinc as couatitutiiig another : when a quantity of each 
is brought in contact they may be considered as con- 
stituting two tnuns of molecules, one of acid .■md the other 
of zinc. Of the acid train the molecule in contact with the 
zinc has the polarity, which is called " chlorous," excited in 
it, and, the partides being fi-ce to move, the chloriuo takes 
position next the zinc, while the hydrogen having become 
polarised with the zincous polarity excites the contrary 
polarity in tlie chlorine of the next molecule, and so on ; at 
the same time one of the atoms of the zinc molecule next 
the acid acquiring the zuicous polarity, the other becomes 
chlorous, and renders one in the next molecule Mncous, the 
other becoming chlorous acta in the tame manner upon a 
third molecule, etc. These polarities havuig acquired a 
certain degree of force, the atom of chlorme la dis- 
engaged from that of hydrogen and unites with the 
opposite one of zinc, forming chloride of zinc, which 
Jasses from the fidd of action : the hydrogen also j 
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I oS as a gaa, fresh molecules of atid and metal act in the 
I same way. 



ELASTICITY. 



62. Elasticity is that property of matter by which it 
reaumes its primitive condition upon the removal of any 
extraneoua force, which may have changed its form or dimen- 
sions. All bodies are elastic, that is to eay, they can, witli- 
ont being disaggregated, suSer a change of form and 
Tolame and resume exactly their primitive condition wpon 
being released, provided their molecules do not suffer too 
great derangement of aggregation. Bodies vary greatly in 
elasticity as compared with each other : thus balls of ivory 
are more elastic than balls of lead, for they recover from 
greater compression : plates of steel than plates of glass, 
for they can be bent much further atid recover their por- 
tion : threads of silk than of silver or copper, for they can 
be twisted much more ; cords of a violin than iron wire, 
for they can be di-awn out much more and return to their 
primitive length. A sheet of paper or of lead is not desti- 
tute of elasticity ; for either oan be bent slightly without 
breaking or ceasing to resume its position ; but if they be 
bent too tkr their elasticities are forced, and they make no 

» effort to return. This property varying greatly in extent 
and perfection in different bodies, they are divided into 
daetie and inelastic, or into perfectly and imperfectly elas- 
^a. A perfectly elastic body is one that resumes its ori|^- 
B^ dimensions immediately upon the removal of^ and with 
pi «nergy equal to that of, the disturbing force: within 
flffltain limits perhaps all bodies may be s-iid to be pei-feoily 
elastic. India rubber is extensively but imperfectly elastic, 
for if long heated or often or much stretched it becomes 
termanently elongated. Glass is perfectly elastic but only 
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to a smnli eKtent, for it retaina no permanent bend ; and 
will not bead fur williout breukiog luiless in very tbia 
pieces or tine threads. The eierwse of elasticity is always 
conseqaent to a diiilurbaace of molecular equilibrium. Elas- 
ticity may be conudored as occurring in gasei^ bquide and 
Holids, and, in reference to tbe occasion of its exercise, as 
of compression, traction, bending and torsion, 

63. Ela»tieity of Oatea. The only elasticity exhibited 
by gases is that of compreswon ; their volume, at any given 
temperature, always depending on tbe pressure to which 
they are subjected. Airs are perfectly elastic: thus air 
entirely filling a vessel being compressed into half its bulk 
will, immediately upon removing the pressure, reoceupy the 
whole vessel. The extent of their elasticity is much greater 
than that of liquids or solids. This elasticity may be illus- 
trated by a variety of experiments. Baked apples or 
shrivelled fruit, e.g. raisins whose skins are entire being 
under the receiver of an air pump, upon exhausting it, the 
air in their pulps will expand and impart an appearance of 
plumpness to them. Hot water half filling a vessel placed 
in the same situation will, upon exhausting the receiver, 
appear to boil rapidly, owing, in part, to the escape of idr. 
A quantity of air being forced by a condensing syringe 
into a closed vessel through a tube terminating under water 
which partially fills the vessel, if a stop-cock attached to 
the upper part of the tube be closed and a jet put into the 
place of the syringe, upon opening the 
Btop-coek the elasticity of the confined 
air will drive out the water to a distance 
proportioned to the compression of the 
air. A glass globe being blown to such 
tliinness as to be but a little heavier than 
water, and having a small orifice at what 
is its lower part when swimming in water, 
being filled with water except a small space 



by air, buing plsiccd iii water will sink : the 
whole being now placed under the receiver of an air- 
pump, upon exhausting this the pressure being removed 
frgm the surface of the water i« likewise removed from 
the air in tbo globe, which, owing to its elasticity, 
expands and drives the water out of the globe, whiub 
with its contents become lighter than water and rise. This 
experiment may be so modified as to dispense 
with the use of the air-pump : the quantity 
of air in the globe being accurately adjusted, 
so that it will swim, and the outer vessel 
being but partially filled with water, its ori- 
fice is closed with a piece of India rubber 
whose external siirface is convex : by pressing 
upon this with the palm of the hand tbo air 
within the globe is compressed and water 
entering, the globe sinks; upon removing the 
hand the nir expands and the globe rises. If 
the atrooaplieric pressure be removed from a 
glass phial, with flattened sides, made very thin, and having 
its orifice tightly closed, the elasticity of the air within will 
rupture the sides, sometimes breaking the whole vessel 
into small fi-agraents. 

The utiUty of bellows depends upon the elasticity of Bir. 
The common bellows being constructed of two pieces of 
ird connected by a pliable material between ; the lower 
ird has a valve which opens when the boards are sepa- 
and far is then admitted, but cannot return that way, 
the valve closes on brining the boards together, the 
air is then driven through the tube. The double bellows 
used by blacksmiths and others differs from that just 
described in being separated into two apartments by a 
middle board funiished with a valve opening upward; 
while the partition is fixed, the lower board is elevated 
a cord and descends by its own weight; as it de- 



^^toard c 
^ped,a 



I 



\ 



r 80JIATOLOGT. 

scenes air enters through its valve, and being compressed 
by tlie lise of the board, passes to the upper ajwrtiucnt, 
elevuting the top; this top, in its descent, nhich may l>o 
ud«d by additional weights, forces out the air through the 
pipe. 

If a barometer tube be partly filled with mercury, leaving 
xn inch or two coutuiniug air, a finger being placed on the 
Open end so aa to confine the contents, upion iaverting it 
into a vessel of sufficient depth filled with mercury : upon 
removing the finger and pressing the tube dowii till the 
mercury stands at the same level within and without, the 
Mr within will be under the pressure of one atmosphere : if 
.1 be now raised till the air be doubled in bulk, the mercury 
will be found to be raised half as high as in the barometer. 
This column resists half the pressure of the atmosphere, and 
the confined air is to that extent relieved. The tube being 
r^aed till the volume of air is tripled, the mercury will 
alt^n to but two-thirds the barometer height, and will sus- 
tain that proportion of the atmospheric pressure, while the 
air auatmns but one-third. 

Vapors form immediately in vacuo, but more slowly under 
ordinary circumstances, the formation being then resisted 
by the elastic force of the air, to which resistance is added 
that of every successive portion of vapor formed. The 
elasticity of diSerent vapors is diAercnt, and may be mea- 
sured by the degree to which the mercury in a barometer 
is depressed by the introduction of a few drops of the liquid, 
this depression being due to the formation of vapor. The 
greater the volatility of a liquid, the greater is the elasticity 
of its vapor. Thus the elasticities of the vapors of water 
alcohol, and ethei-, are as 1, VQ and 20. The elasticity of'all 

apors is increased with the temperature, as may be shown 
by placing a heated ring around the part of a barometer 
into which a liquid has been introduced: in every ease, at 
the boiling poiut of the liquid, it equals the pressure of the 
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stmospliere. Hence, whenever it ia I'cquired to detei'mine 
the volume of a gas, it sliould be done at a given tem- 
perature, or calculation should be made from that at which 
tbe measure is taken. Experiments of the kind that have 
been here considered have led to the general conclusion 

nnder the name of Mariotte's law, viz. The 
volumes of elastic fluids are in the inverse ratio of 
the weights by which they are compressed. This 
law has been experimentally found applicable to 

without variation, to the extent of 27 atmo- 
.^heres. A jaetifiable inference from thia is, that 
ithe densities of gases are proportional to the pres- 
Buros to which they are subjected. Thus, being 
under the pressure of 700 atmospheres, air would 
"be 39 dense as water. Many gasea foimerly c 
tddei'ed permanently elastic, have been reduced 
to the liquid state; and it has been thought that all 
conld be brought to the same condition if sufficient pres- 
Bare and reduction of temperature could be commanded. 
Those which have not been condensed have been found 
I to be subject to the above law to the extent of a hun- 
dred atmospheres' pressure. In those which are capable 
of assaming the liquid foim, a deviation from the law 
» very mai'ked as they ap]>roach the point of liquefao- 
.tion ; and in some it bas been observed almost from the 

inning of the compression. It has also been conjec- 
that the law would fail in cases of extreme rare- 
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84. Elasticity of Liquids. — Liquids are perfectly elastic, 

Rbat to only a small extent. Like gasea, they exhibit only 

^e elasticity of compression. To compression they offer 

' greater resistance than gases do. The experiments 

ring their oompresaibibty likewise manifest their elas- 

nty, for upon removing the compressing force tbey recover 

irigiual bulk. It is also exhibited by their bemg 
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Bcattcreil in dropa wlien fiilliag from a height upon a smooth 

L surliictf, solid or liquid. 

\ Oo. Mlastidty qJ' Solids. — Sovcra] examples have already 

r been giveu of elasticity in solids ; in this class of bodies, 

t however, it is &r less perfect than in liquids or gases. 

i Elttstiuily of aolida may be conddered m reference to the 

I manner iji whiub their moleoular equilihrium is distur1)ed, 
as already indicated, viz. the elasticities of compression, 
traction, bending, and torsion. 

I. Slastieity of Compression. — The experiment of the 

\ ivory boll falling upon a marble table, adduced as an evi- 
dence of repulsion, may perhaps bo more accurately con- 
udered as an example of elasticity of compression, the 
rebomiding of the ball bemg probably only the conse- 

I quence of the elasticities of the ball and table. The ball ia 
thought to be some moments in recovering permanently its 
globular figure, being ellipsoidal, with its horizontal and 
vertical diameters alternately longer. The cork of a bottle 

I Bimk in the sea having I'ecovei'ed its position after being 
compressed sufficiently to allow the salt water to flow into 
the bottle, ia evidence of its elastidty ; but its not recover- 
ing its original bulk when the pressure has exceeded a cer- 
tain limit, shows that its molecules have been brought into 
a different range of elasticity. Malleability is connected 
with, and to some extent opposed to elasticity of compres- 
sion. Brittle metals being hammered, their cohesion is so 
far overcome that they fly to pieces; those which are 
malleable, however, are not so separated, but by that means, 
or by being passed between rollers, their molecules are 

I brought into diflfcrent ranges of elasticity ; their hardness 
and brittleness arc sometimes increased, and iftoagreat 

I e.xtent they tear, when they are said to be hammer-hardened. 

I Steel ia tempered by plunging it when healed into cold 
water, by which its surface is cooled and hardened, in con- 
sequence of which the parts within are in a constrained 
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bate, and have a strong tondL^ncy to cliange tlieir positions, 
rhich renders the mass quite britlla. Prince Riipeit's 
Tops are made by allowing drops of melted glasa to fiill 
jto cold water; they have somewhat the shape of a tear, 
ifitli a prolongation called the t^l; the outer crust being 
^denly contracted, compresseB the parts within, whose 
bsUcity forces the whole mass asunder with noise on the 
nr&ce being scratched or the tdl being broken. The 
itality of elliptical springs of carriages, and of similar con- 
tiyanccB, depends on the elasticity of compression. 

66. n. Elasticity of Traction. — As would natui-ally be 
xpccted, it is found by experiment that during extension 
f wires, rods, or bars, the diameter perpendicular to Ifie 
Sas is diminished as the length is increased, but not to the 
Bme estent. If they luive not been stretched beyond cei"- 
^n limits tbey resume their original size when the stretching 
brce is removed ; it^ however, those limits be exceeded, they 
te found to be permanently increased in length, and dimi- 
jsbed in thickness, their molecules taking a different range 
S elasticity. If the force applied be very great they will 
e broken, either abruptly through their whole thickness 
T by slowly becoming thinner and thinner. That very Itcid- 
ile wires are perfectly elastic within certain limits, and that 
hey are elongated in proportion to the force applied, may 
e shown by two vises placed hoiizontally. in one of which is 
Kurely fastened one end of the wire, which is extended by 
jweight through the other vise till it is rendered straight; 
bat vise is now closed upon it. The length of the wire 
letweon the "two vici's, and the height of its middle from 
te support, being now accurately determined, a scale is sus- 
lended from that point, and weights, the force to be 
{iplied, are placed m the scale, and the distance which the 
Mne point of tho wire descends is carefully ascertained. 
Fig. 38.) From these data, the extension which the wire 
laa safiered ia calculated by rides of trigonometry. The 
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elasticity of large ro^s or bars can be determmcd in the 
same waj, by placing th^r ends on firm supports and 
applying weights eicactly upon the middle ; or if they 
be strong and firm a diSercnt method can be adopted. 
They are placed vertically, being fised at their npper end 
and the weight applied at the lower. The elongations are 




found in either way to be proportionate to the force of 
traction ; the extent, however, depends upon the nature of 
the material ; and, upon removing the force, contraction 
occurs equal to the elongation, nnlesB the limit of elasticity 
be surpassed. Elasticity of stretching has the same relation 
to ductility that elasticity of compression has to mallea- 
bility. The tendency of liquids to force asunder vessels 
containing them ia capable of being understood by viewing 
each section as a flexible ring, all of whose points are 
pressed from within outwards : the force of pressure becom- 
ing tangental tends to stretch, and then to break the ring, 
as though it were straight and the force acted in the direc- 
tion of its length. 

67. ni. Elasticity of Sending, — Bodies capable of be- 
ing bent exhibit more or less elasticity : in some it is mani- 
fested as a great force. In bending, the particles on the 
convex side of the curve are in a state of extenaon, while 
those on the concave side arc in one of compression ; and 
both co-operate to resist the bending, and to ovei 
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wliGD the force is removed. The elaaticity of wood is well 

illustrated in the cross-bow. It is great, but not perfect ; for 

if long continued the bend becomes permanent. Mica aSbrds 

I a gcrnd example of a mineral possessed of thia kind of 

stioitf. la gla^ it is very slight, for much beudiag 

f breaks it. 

8. rV. MlastiHty of Torsion is that force by which a 
[ iviro or thread which has been tiviated tends to return to 
I its natural position. It may be exhibited by means of a v&r- 
T tieal thread, secured by its upper end, and supporting a ring 
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r firmly attached to a lai'ge 
\ ^linder of lead or casting, 
I irhose axis corresponds to 
\ t}ie vertical diameter of the 
^ xing. The application of 

ireights to the cylinder will 

lause the untwisting of the 
id, which after repeated 
idllations cornea to rest. 
■(Pig. 37.) With such an 
\ instrument the following 
t generalizations have been 
I, Wtablished : 1st. A thread 
Y oharged with different 
Iveights is generally ar- 
1 rested at different positions 
I of Btability. The variation 
I extend to a serai-cir- 
Lonmference, or even to cir- 

umference. The same is 
B,Crue of a collection of 
■ Ihreads, A magnetic needle being suspended by a silk 
rribbon the application of greater or less weight would 
^llffeot its diurnal variations. 2d. The oscillations are iso- 
hronous, whatever may be their amplitudes, unless these 
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irpass ccrtiuD limits, depending on the nature and iei _ 
the thread, which limit is often a Bemi-oircurnlerenoe, or 

Wven a cirouinfcrence. This is eBtablisbed by arranging, as 
a thread, and placing on the cylinder a weight snE 
lent to Btraighten, but not to elongate the thread, and 

.when the equtUbrium is well established, turning the cylin- 
der 50, 100, or 180 degrees without changing the axis, and 
letting it oscillate. The oscillations are counted by means 
of a mark or index attached to the cylinder ; and the time 
is measured by a good second-hand watch. A corollary 
ironi this is that the force of tension is proportioned to the 
angle of tension. 3d. The times of the oBcillations are 
to each other as the square roots of the weights which 
■trctch the threads. The truth of this law can be exactly 

^established only where the threads have sufficient flexibility 
to be straightened by a feeble weight, and yet too much 
tenacity to be lengthened by a considerable one. Tliis law 
holds good only while the force of torsion of a thread 
remains the same under the different weights which stretch 
4. The times of oscillation are as the square roots of 
the lengths of the threads. The time of oscillation increas- 
ing with the length of the thread, the force of torsion evi- 
dently must diminish. 5th. The times of oscillation are 
inversely as the squares of the diameters of the threads, 

'The forces of torsion are as the fourth powers of the dia- 
meters of the threads. The knowledge of elasticity of tor- 
fflon has been applied to determine, by means of the torsion 
balance, certain fundamental laws of electricity and magnel- 
and by means of a small silver thread the density and 
:total weight of the earth. 
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C9. In reference to the constitution of matter, very 4 
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^bt hypotheses have been advanced, some of which may 
^B here noticed. 

^BX The Atomic. — According to this hypothesis, matter is 
^Hrmed of exti-emely minnte particles called atoms, differ- 
^Bg in form nnd nature, and having rectilinear motion, 
^^piich causes some that arc homogencons to unite, while 
Jjlhe others continue diffused through space. An extensively 
ITlreoeived modification of this hypothesis views the ultimate 
|i atoms aa points beyond our research, which, under the influ- 
E.'«nce of the so-called imponderable forces, miite to form 
ftanolecnies, which again unjte to form particles, the smallest 
Kportions into which matter can be mechanically divided. 
Ul H. The Dynamic. — This hypothesis views matter as ori- 
^Knated by two antagonistic piinciples, attraction and re- 
^Bulaion, and refei-s all that may be affirmed of matter to 
^Kotion. Most modem physicists, uniting these hypotheses, 
^Bpnidder the Deity as the origin or first cause of atoms, and 
^ftnate attractive and repulsive forces as a condition neces- 
^Btry to tlieir uniting into bodies. By some repnlsion is con- 
P^dered, with appearance of great probability, as dependent 
■ upon heat, an atmosphere of which is supposed to permeate 
r sll space and all masses of matter, sm-rounding all the atoms, 
v-41ins preventing their ever coming into absolute contact. 
m in. Which may be caUe.d the Potential. — According to 
I'tliis view, the atoms, inMtead of being dead particles, are 
BiKCtensions of forces from centres or mathematical points 
■throughout all space, being tied together, however remote 
■tbey may be, by lines of mutnal force, all gravitating, bear- 
Bfag electiical relations to each other, being elastic, expansi- 
Bl^e on change of temperature, suffering repulsion on becom- 
^sng gaseous, being bipolar or multipolar, and iuterpenetrat- 
Kag and losing their proper characteristics on chemical com- 
Htpnation jnst as masses do, being present chemically and 
■itaeob&ntually within certtun small limits, and everywhere 
vlieyond those limits gravitantfy and electrically, thus con- 
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stitnting the ether, hj whose undulations light and heat are 
propagated, with the lines in which they are exerted, occu- 
pying all space to the exclusion of everything else. This 
hypotheas entirely denies the materiality of matter. 
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